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PATHOGENETIC MECHANISMS IN HEMOLYTIC ANEMIAS 

WILLIAM DAMESHEK, MD 

BOSTON 

AND 

CAPTAIN EDWARD B MILLER 

MEDICAL CORPS, ARMY OF THE UNITED STATES 

Because of the finding of hemolysins of the immune body type m 2 cases of 
acute (acquired) hemolytic anemia and because of their disappearance as the 
patients improved after splenectomy, the possibility was conceived that a hemol- 
ysin might be directly related to the development of the hemolytic process ^ 
Immune hemolytic seium, produced in labbits by the injection of guinea pig 
erythiocytes, when injected in guinea pigs resulted in fulminating, acute and sub- 
acute hemolytic states dependent on the dose of serum injected - In both clinical 
patients and experimental animals spherocytosis and inci eased fi agility of the 
er}throcytes m hypotonic solutions of sodium chloiide weie present and regressed 
as the piocess improved It was concluded (a) that hemolytic anemias aie due to 
the activity of agents which can be generically called hemolysins and (b) that 
spheroc}i;osis (and increased hypotonic fragility) are the lesult of the activity 
of various types of hemolytic agents , thus sphei ocytosis can be considered an indi- 
cator of the presence of hemolytic activity 

Moie recently. Ham and Castle® proposed anothei explanation for the develop- 
ment of hemolytic anemia clinically and for oui lesults with the use of immune 
hemolytic serum experimentally Their explanation is based on the theory that 
unusual erythrostasis — as the result of agglutination, increased viscosit} or slowing 
of the circulation — is at the basis of many hemolytic processes Our lesults ® m 
experimental animals were explained by these investigators by the action of 
agglutinating antibodies” in the hemolytic seium, the eiythiocytes becoming 
agglutinated, with resultant stasis and hemolysis That erythiocytes could be 
directly injuied by the activity of vaiious hemolytic or agglutinating agents was not 
seriously considered 

Our recent expeiiments indicate that the erythi ocyte— normally a biconcave 
disk— IS actively injured by a variety of agents, “simple” hemolysins, “complex” 
hemolysins or simple agglutinins, with the result that it is lendered susceptible to 

Aided by grants from the Charlton Fund, Tufts College Medical School and the Dazian 
Foundation 

From the Joseph H Pratt Diagnostic Hospital and the Blood Clinic and Laboratorv of 
the Boston Dispensary 

Read before the Section on Pathology and Physiology at the Ninety-Second Annual Session 
of the American Medical Association, Cleveland, June 6, 1941 

1 Dameshek, W , and Schwartz, S O The Presence of Hemohsins in Acute Hemo- 
lytic Anemia, New England J Med 218 75, 1938 

2 Dameshek, W , and Schwartz, S O Hemolysins as the Cause of Clinical ano 
Experimental Hemolytic Anemias, Am J M Sc 196 769, 1938 

3 Ham, T H , and Castle, W B Studies on Destruction of Red Blood Cells Rela- 
tion of Increased Hypotonic Fragility and of Erythrostasis to the Mechanism of Hemolysis 
in Certain Anemias, Tr A Am Physicians 55 127, 1940 
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sucli 1113. j or fsctoi s 3s complGniciit sctivity siid. tnccliEnicsl trsuinE Wlicrcss in tlic 
experiments of Ham and Castle the emphasis was on the passive factoi of stasis, our 
past and recent experiments have stressed the multiplicity of agents immunologic, 
chemical and physical — which may actively injuie the envelope of the red cell The 
exact role of the spleen in hemolytic anemia is still obscure, although our experi- 
ence in certain clinical cases suggests that it may directly produce hemolysins 
rather than act as a simple mechanical oigan of stasis Active extrasplenic pro- 
duction of hemolysins is also probable in certain cases of “symptomatic hemolytic 
anemia ^ 

In the present papei the role of various factoi s in the development of hemolysins 
IS described The aclivities of a pure hemolysin (saponin), of a puie agglutinin 
(concanavahn A) and of complex hemolysins (immune hemolytic serum and silicic 
acid) have been studied with relation to stasis, mechanical fragility and hypotonic 
fi agility, and the effects in experimental animals noted Fiom the results of these 
experiments and other data a formulation of etiologic factoi s which may underlie 
the vaiious hemolytic syndiomes has been made 



Fig 1 — Rate of hemolysis with saponin 1 10,000 at various temperatures Saponin, a simple 
hemolysin, causes hemolysis without the aid of other factors Hcmoljsis is greatest at incubator 
temperature and practically nil at refrigerator temperature 


EXPERIMENTAL OBSERVATIONS 


1 Sapomn, a Simple Hemolysin — Purified saponin (Merck), a powder, was dissolved m 
phi'siologic solution of sodium chloride, a 1 10,000 concentration ordinarily being used When 
this was kept in the refrigerator, a standard hemolytic activity against suspensions of human 
red cells containing 20,000,000 washed red cells per cubic centimeter of physiologic solution 
of sodium chloride was present for at least two weeks, although the precaution was observed 
of making up solutions at weekly intervals The rate and degree of hemolvsis were observed 
by use of the Evelyn photoelectric colorimeter 

The experiments were m general confirmatory of Ponder’s ® extensive experiments with tins 
substance They showed that saponin acts directly on the erythrocyte without mediation of 
complement or other substances present in serum, that hemolysis is most marked at incubator 
temperature (fig 1) and that spherocytosis with greatly increased hvpotonic fragility is 
present at subhemolytic levels of saponin concentration When the material was injected intra- 
venouslj’' in rabbits in large doses, an acute hemolytic anemia with marked spherocytosis resulted, 
due apparently to the direct action of the drug on circulating erythrocytes 

2 Sihcic Acid, a Complev Hemolysin — Silicic acid w'as prepared by distillation from ethyl 
silicate One cubic centimeter of the heavy grayish liquid was mixed with 24 cc of distilled 


4 Singer, K, 
15 544, 1941 

5 Ponder, E 
523, 1937 


and Dameshek, W Symptomatic Hemolytic Anemia, Ann Int kfed 
Effects of Simple Haemolysins in Hypotonic Systems, Protoplasma 37 
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water m a flask, heated directly over a small flame for hydrolysis and distilled for two 
hours m a reflux condenser The silicic acid thus obtained was stored in the ice box One 
cubic centimeter of this solution was mixed with 0 085 cc of a 10 per cent solution of sodium 
chloride and diluted in varying concentrations, 1 10, 1 20, etc , with physiologic solution of 
sodium chloride The final dilutions, labeled 1 10, etc, were used in the experiments, to be 
described, against guinea pig red blood cells Blood was obtained from guinea pigs by puncture 
of the heart It was washed three times with physiologic solution of sodium chloride and 
suspended in 10 per cent concentration Occasionally a 5 per cent suspension was used 
Fresh guinea pig complement in 1 10 dilution was routinely used The tests for hemolysis 
were usually performed in Hinton tubes (4 by inches [10 by 0 95 cm]) The 
degree of hemolysis w'as determined by inverting the tubes once, centiifuging them for 
five minutes at high speed, removing 3 cc of the supernatant fluid, diluting this with 17 cc 
of 0 1 per cent solution of sodium carbonate and reading the Cenco photoelectric coloiimeter 
for hemoglobin concentration, Cenco green filter no 2 being utilized The degree of hemolysis 
W'as readily ascertained from the hemoglobin reading 

General Results Silicic acid caused marked agglutination of guinea pig red cells in con- 
centrations of 1 10 to 1 10,000 On the addition of guinea pig complement (1 10) to the 
agglutinated red cells, hemoljsis took place immediately at the boundary between the com- 
plement and the red cells and gradually extended to the rest of the tube Hemolysis was facili- 
tated bj' incubation at 38 C and diminished at ice box temperature (0 C ), as shown in figures 
2 and 3 



SALT SOLUTION I3E US 18 14 IE COMPLEMENT 

Fig 2 — Hemolysis with colloidal silicic acid with added complement in various concen- 
trations Silicic acid, a complex hemolysin, without complement causes agglutination, with 
added guinea pig complement the degree of hemolysis is directly dependent on the concen- 
tration of complement Complement is the actual hemolytic agent of cells already sensitized 
by silicic acid 

Effects of Stasis on Sensitized Erythrocytes Erythrocytes sensitized (i e , agglutinated) 
by various concentrations of silicic acid (without complement) were observed at different 
temperatures for various periods and the degree of hemolysis noted Although the results 
of these experiments varied from time to time, it was found that silicic acid in 1 10, 1 100, 
1 1,000 and 1 10,000 concentrations caused agglutination of guinea pig red cells When 
these cells were allowed to stand for forty-two hours at ice box temperature no hemolysis 
occurred, at room temperature for the same length of time there was questionable hemol- 
ysis, while at incubator temperature well marked hemolysis took place in the 1 10 con- 
centration of silicic acid There was slight hemolysis in the 1 100 concentration, but m the 
1 1,000 and 1 10,000 concentrations there appeared to be an inhibition of hemolysis as com- 
pared with that of the control 

In other experiments, no essential change between the degree of hemolysis in the controls and 
in the sensitized cells occurred for seventeen and one-half hours, but at the nineteen hour interval 
a definite and well marked increase in hemolysis took place (fig 4), particularly in the higher 
concentrations Suspensions of red cells made with isotonic 5 2 per cent dextrose solution 
instead of physiologic solution of sodium chloride showed definitely diminished hemolysis with 
stasis 

Effect on Hypotonic Fragility Erythrocytes sensitized (complement not used) by silicic 
acid were tested for their fragility in hypotonic solutions of sodium chloride In one experi- 
ment, 12 cc of 1 100 sihcic acid, 12 cc of 1 10 suspension of guinea pig red cells and 36 cc 
of physiologic solution of sodium chloride were mixed, the tubes inverted once, the agglutinated 
masses of red cells discarded, the rest of the red cell suspension centrifugated at low speed 
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for h^e minutes and the cells washed three times and then tested for hypotonic fragility by 
the method of Daland and Worthley« There was no definite increase in hypotonic fragility 
(hemohsis 0 46 to 0 12 per cent) with this method over that of control (0 42 to 0 22 per cent) 
The method was, however, open to question because the agglutinated red cells were discarded 
In another expeiiment, the fragility test with hypotonic solutions showed hemolysis of 
normal unsensitized guinea pig erythrocytes to begin at 0 44 and end at 0 28 per cent 
Erythiocytes sensitized by silicic acid (S cc of a 10 per cent suspension of guinea pig red 



Fig 3 — Rate of hemolysis with colloidal silicic acid 1 5 with added complement Temp- 
erature is a factor in the degree of hemolysis in a colloidal silicic acid-complement system 
The greatest hemolysis occurs at incubator temperature and ^ery little at refrigerator temp- 
erature This indicates that the reaction is to some extent a metabolic one 
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Fig 4— Hemolysis with colloidal silicic acid in various concentrations, ^ ^ 

Erythrostasis of red cells agglutinated by silicic acid failed to result in hemolysis lor S 
hours , at the end of that time, a sharp increase in hemolysis took place, groate 
the cells agglutinated by the highest (1 40) concentration of silicic acid It should ’ 

however, that the normal control red cells also became moderately hemolyzed alter i y 
hours’ incubation 


6 Daland, G A , and Worthley, K The Resistance of Red Blood Cells to Hemolysis 
in Hypotonic Solutions of Sodium Chloride, J Lab & Clin Med 20 1122 1935 
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cells 5 cc of 1 10 silicic acid and IS cc of physiologic solution of sodium chloride) were 
allowed to settle in large Evebn tubes The supernatant fluid was then di awn off and fresh 
saline solution added three times and drawn oft from the sedimented red cells After the 
last withdrawal, 1 drop of sedimented red cells was added to each of various concentrations 
of hypotonic solution of sodium chloiide By this method hemolysis began at 0 68 and ended 
at 0*20 per cent, a definite change In a similai experiment, tlic hypotonic fragility I>ccarne 
modified, hemohsis occuriing at first between 044 and 016 and then between 0 60 and 016 


per cent 

Effect of Mechanical Trauma (Shaking) Different concentrations of silicic acid were 
mixed with standard suspensions of guinea pig red cells and physiologic solution of sodium 
chloride in Hinton tubes Six glass beads (approximately 3 mm in diameter) were added 



SALT SOLUTION 132 116 18 14 12 SILICIC ACID 

Fig S — Hemobsis w'lth colloiaal silicic acid, mechanical fragility (shaking thice hours) , 
use of various concentrations The degree of hemolysis of red cells treated with colloidal 
silicic acid and then shaken with glass beads varied directly wuth the concentration of silicic 
acid used 



Fig 6 — Hemolysis wuth colloidal silicic acid 1 10, mechanical fragility (shaking three 
hours) Red cells acted on by silicic acid without complement were readily hemolyzed by 
mechanical trauma (shaking wuth glass beads), normal red cells being only slightly affected 

to each tube, and the tubes were placed on a mechanical pipet shaker and shaken for 
three hours At the end of this time, the tubes w'ere centrifuged at low speed for three 
minutes, and 3 cc of the supernatant fluid was removed and added to 17 cc of a 0 1 
per cent solution of sodium carbonate The degree of hemolysis was read as hemoglobin 
with the Cenco photoelectric colorimeter There was marked hemolysis with the highest 
concentrations of silicic acid (fig 5) The degree of hemolysis varied directly with the 
time of shaking, most taking place m the first fifteen minutes (fig 6) When the red 
cells were incubated at 37 C for one hour after "sensitization” and then shaken for one 
hour, there was a slight increase m the degree of hemolysis, but when red cells were first 
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allowed to stand for one and one-half hours at refrigerator temperature, a definite decrease 
in hemolysis with shaking took place (fig 7) 

Animal Experiments Undiluted silicic acid was injected intrapentoneally daily into a 
guinea pig and frequent observations made of the hemoglobin, red blood cell count, white 
blood cell count, blood smears and hypotonic fragility No essential changes in the values 
occurred during the period of injections (Dec 4-11, 1941), although doses of 3 cc each were 
given on the last two days 

Increasing doses (0 5 to 4 cc) of undiluted silicic acid were injected intravenously for 
five davs into a rabbit without change in values for hemoglobin, red blood cell count or 
hypotonic fragility Moderate leukocytosis (up to 34,500 leukocjtes per cubic millimeterj 
developed 

In view of these negative results, further in vivo experiments were considered inadvisable 

Silicic acid, like tannic acid and other inorganic substances studied by Land- 
steiner and Jagic," Landsteiner and Rock,® Reiner and Fischei ® and Ponder,® 
exhibits unusually interesting results in i elation to complement activity Without 
complement there is marked agglutination of led cell suspensions, with complement 
hemolysis rapidly occuis Like immune hemolytic seium, this substance may thus 
be called a complex hemolysin, and its interesting activities together with their 
significance are discussed m the next pait of the paper 



1 — Hemolysis with colloidal silicic acid 1 10, stasis at various temperatures for 
one hour before shaking That the degree of hemolysis with shaking was to some extent 
associated with metabolic changes in the red cells is ev'ident from the fact that stasis for one 
hour at incubator temperature prior to shaking increased the mechanical fragility, whereas 
keeping the red cells at refrigerator temperature diminished the mechanical fragility 

S hnmnne Hemolytic Seium, a Complex Hemolysin — Immune heterohemolytic seium was 
prepared, as in previous experiments,- by injecting guinea pig erythrocytes intravenously 
into rabbits and after appropriate intervals removing blood from the rabbits The serum 
thus obtained possessed both agglutinative and hemolytic activities against normal guinea pig 
red cells in vitro and when the dose was varied produced hemolytic anemia of varying 
degrees when injected in vivo In tlie in vitro experiments, a serum with a hemolytic titer 
of 1 64 was routinely used together with 5 or 10 per cent suspensions of guinea pig eryth- 
rocytes and f resh guinea pig complement, usually m 10 per cent dilution 

7 Landsteiner, K, and Jagic, N Uebcr die Verbindungen und die Entstehung von 
Immunkorpern, Munchen med Wchnschr 50 764, 1903 

8 Landsteiner, K, and Rock, H Untersuchungen uber Komplementwirkung Hamo- 

Kieselsaure und Komplement, Ztschr f Immumtatsforsch u exper Therap 14 
14, 1912 ’ 

9 Reiner, L, and Fischer, O Beitrage zum Mechanismus der Immunkorperwirkung 
Ztschr f Immumtatsforsch u exper Therap 61 317, 1929 



DAMESHEK-MILLER— HEMOLYTIC ANEMIAS 


7 


Geneial Results Immune hemobtic serum, “inactivated” by heating foi one houi at 
56 C, caused agglutination of guinea pig erythroevtes in high titer but no hemolysis With 
guinea pig complement present, there was complete hemolysis with the seium used to a titer 
o^ 1 64 after one hour’s incubation at 37 C Doubling the amount of complement, consid- 
erably inci eased the hemolytic titei Thus, complement was the actual hemolyzing agent, 
although It could not act on already fully agglutinated red cells 

The late of hemolysis in the complete hemolytic system was in some measure dependent 
on the tempeiature The most marked degrees of hemolysis took place at incubator tem- 
peratuie and the least at refiigerator levels (fig 8) 

Effects of Stasis on Sensitized (Agglutinated) Red Cells (Without Complement) Inac 
tnated immune serum (\Mthout added complement) with a titer of 1 64 was diluted to various 
concentrations (1 128, 1 256 and 1 512) and mixed with 10 per cent guinea pig erythro- 
c\tcs and phjsiologic solution of sodium chloride The tubes were inverted once and placed 
m the incubator at 38 C for periods varying from five and one-half to eighty-nine hours 
At the sixteen and nineteen hour periods the control tubes showed more marked hemolysis 
than those containing immune serum In anothei experiment of this type, with somewhat 
different concentiations of immune serum (1 25, 1 SO, 1 100 and 1 200) there was defi- 
nitely more hemoljsis m the contiol red cells than m those which were sensitized (agglu- 
tinated) Cells treated with 1 400, 1 800 and 1 1,600 dilutions of serum behaved like 
normal er^lhroc^tcs m one experiment but showed distinctly less hemolysis than the controls 



Fig 8 — Rate of hemolysis with immune hemolytic serum 1 25 with added complement 
Immune hemoljtic serum, like silicic acid, results in agglutination without complement, 
complement is the actual hemolyzing agent , the activity of complement is greatest at incubator 
temperature and minimal at refrigerator temperature 

m an experiment with incubation at 24 C (fig 9) Thus, m all these experiments, the cells 
W'hich were sensitized by immune serum appeared to be less liable to hemolysis by stasis 
than normal cells This finding differed somewhat from the results of similar experiments 
W'lth silicic acid (already described) and wms thought to be due to the greater degree of 
agglutination (often in one solid button) by immune serum To avoid this, very dilute con- 
centrations of immune serum were used again, but with similar results 

Effects on Hypotonic Fragility Experiments to show the effect of immune serum on 
the hypotonic fragility of erythrocytes were for the most part unsatisfactory If guinea pig 
complement was used, even the slight degree of hemolysis present at high dilutions of serum 
was usually sufficient to cause difficulty in reading the results If complement was not 
added, marked agglutination took place , the agglutinated masses of red cells could then be 
either discarded or tested If discarded, they might represent the injured red cells, if tested, 
their agglutination in masses might be a deterrent to the action of hypotonic solution of 
sodium chloride Various methods were utilized in the attempt to avoid these difficulties, 
but only the last one used was moderately conclusive 

In this method, 5 cc of a 1 100 dilution of immune serum was mixed with 5 cc of a 
10 per cent suspension of guinea pig red cells, 5 cc of 1 10 guinea pig complement and 
10 cc of physiologic solution of sodium chloride, the cells were allowed to settle and were 
washed three times (not centrifuged), and the hypotonic fragility was determined in the 
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usual mcinner With this method hemolysis of the sensitized red cells began at 0 60 per cent 
sodium chloride and was incomplete at 004 per cent Hemolysis of the normal red cells 
in this experiment began at 0 44 and ended at 0 24 per cent, that of red cells allowed to 
stand at room temperature for eight hours and then overnight in the refrigerator at 0 46 
and 0 22 per cent , that of cells incubated for one hour at 37 C , at 0 48 and 0 20 per cent, 
and that of ceils sensitized (agglutinated) by immune inactivated serum uithout added com- 
plement, at 048 and 0 04 per cent 

Although this method offeied certain advantages over that in which the cells — during the 
triple washing process — were centrifuged three times and although the hypotonic fragility was 
unquestionably increased, no definite conclusions could be drawn because of the possibility 
that the presence of complement resulted in some hemolysis Howeier, no trace of hemolysis 



Fig 9 — Hemolysis with immune hemolytic serum m various concentrations , stasis at 
38 C Stasis of red cells agglutinated b> immune hemohtic serum without added complement 
resulted in distinctly less hemolysis than that of control red cells 



Fig 10 — ^Idemolysis with immune hemolytic serum 1 4, mechanical fragility (shaking 
thiee hours) Red cells acted on by immune hemolytic serum when shaken with glass 
beads were to a large extent hemolyzed, the greatest hemolysis taking place in the first thirty 
minutes of shaking Control red cells were only slightly affected by this form of mechanical 
trauma As with silicic acid (fig 5), the degree of hemolysis varied directlj with the 
concentration (titer) of serum used 


was present in the tubes holding concentrations of sodium chloride from 0 80 to 0 64 per cent, 
inclusive, although definite hemolysis was present in the lower concentrations 

Effects on Alechanical Fragihtj Numerous experiments performed on the mecnanical 
fragility of erythrocytes sensitized by immune serum demonstrated a uniformly marked hemo- 
lytic effect The experiments were usually performed by mixing 1 cc of a dilution of inac- 
tivated immune serum with 1 cc of a 10 per cent suspension of guinea pig red cells and 
3 cc of physiologic solution of sodium chloride in Hinton tubes, as previously described 
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The degree of hemolysis with mechanical trauma varied directly with the concentration 
of immune serum and with the time of shaking (fig 10) In one experiment 55 per cent of 
the total hemolysis induced by three hours’ shaking took place in the first fifteen minutes 
The degree of hemolysis induced by shaking, with the use of very dilute serums, could be 
considerably enhanced by incubating the mixture of immune serum, red cells and saline solu- 
tion for one hour at 37 C before shaking it 

Spherocytes, produced by injecting immune hemolytic serum into guinea pigs, when shaken 
for three to six hours showed no difference in mechanical fragility as compared with control 
red cells, although their hypotonic fragility was greatly altered In an experiment of this 
tj'pe, acute hemolytic anemia (hemoglobin 9 7 Gm , red blood cells 3,670,000) was produced 
in a guinea pig by injection of hemolytic serum There was spherocytosis, and hemolysis 
began at 0 72 and ended at 0 16 per cent sodium chloride A 10 per cent suspension of cells 
from this guinea pig was shaken for three hours and compared with red cells from a guinea 
pig with a hemoglobin content of 14 5 Gm , a red cell count of 6,110,000 and hemolysis 
between 0 40 and 0 24 per cent sodium chloride At the end of three hours of shaking, the 
degree of hemolysis was the same in both tubes, 3 per cent 

Effects on Morphologic Appearance of Red Cells Various dilutions of serum with and 
without complement were mixed with guinea pig red cells and incubated at 38 C for one 
hour (1 cc of serum dilution, 1 cc of 10 per cent guinea pig complement, 1 cc of a 10 per 
cent suspension of guinea pig red cells and 2 cc of physiologic solution of sodium chloride) 
At the end of the hour, the tubes were inverted once for mixing and a drop of each dilution 
was placed on a slide and examined under a cover slip with high magnification dry and oil 
immersion lenses With the higher concentrations (1 30 and 1 60) of serum without com- 
plement, there was agglutination with "thorn apple deformity’’ (fig 11^), m the presence 
of complement, no thorn apple forms were present, but there were definite spherocytosis and 
poor rouleau formation with thickened red cells (fig 11 JS) Control red cells showed crena- 
tion, which could readily be discriminated from thorn apple deformity, and either question- 
able spherocytosis or no spherocytosis 

Animal Experiments These have already been described ^ The injection into guinea pigs 
of large doses (0 5 to 1 cc ) of immune hemolytic serum mtrapentoneally was followed by 
a fulminating hemolytic anemia characterized by extreme spherocytosis, increased hypotonic 
fragility, hemoglobinuria and quick death Moderate doses given intraperotineally daily 
resulted in acute hemolytic anemia, and small doses (01 cc ) given daily produced a subacute 
type of anemia with moderate spherocytosis, marked reticulocytosis, ‘‘pseudomacrocytosis’’ 
and only a slight change in hypotonic fragility 

Immune hemolytic seium, like silicic acid, is a complex hemolysin The greatest 
effects on hemolysis m vitro, as with silicic acid, were obtained with either 
mechanical trauma or complement activity Although erythrostasis for short 
periods might be important m enhancing the effects of both complement activity 
and mechanical trauma, stasis alone appeared to have little effect on sensitized 
(agglutinated) red cells Thus, although the hypotonic fragility of red cells acted 
on by immune body might not be significantly altered, 'some change in the colloidal 
nature of the erythrocyte and/or its envelope appealed likely, since it became 
readily hemolyzed (a) by complement and (&) by mechanical injury 

4 Concanavahn A, a Pure Agglutinin — ^Ham and Castle used concanavalin A, a crystalline 
protein (globulin) derived from the jack bean,!® to produce agglutination of red cells m vitro 
and hemolytic anemia, presumably by agglutination effects, in the experimental animal We 
obtained some of this material from J B Sumner m 9 6 per cent concentration dissolved in 
a saturated solution of sodium chloride 

For experimental use, 0 1 cc (containing 9 6 mg ) of the saturated solution was diluted 
to isotonicity by the addition of 41 cc of physiologic solution of sodium chloride Dilutions 
of the isotonic solution with further amounts of the saline solution were labeled 1 10, etc 
Experiments with guinea pig red cells, complement, stasis and mechanical fragility were 
carried out by the same technics as with silicic acid and immune hemolytic serum 

General Results Concanavahn A is an extremely potent agglutinin of the erythrocytes 
of the guinea pig, of the rabbit and of the dog but not of the human being In isotonic 
solution of sodium chloride, i e in a concentration of 230 mg per hundred cubic centimeters, 

10 Sumner, J B , and Howell, S F The Identification of the Hemagglutinin of the 
Jack Bean with Concanavahn A, J Bact 32 227, 1936 
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It caused extreme agglutination of 10 per cent suspension of guinea pig red cells in all 
dilutions up to approximately 1 10,000 The addition of guinea pig complement in different 
amounts to the various concentrations failed to cause any trace of hemolysis Incubation 
with complement for one hour at 38 C also failed to cause hemolysis Thus, concanavahn A 
IS a pure agglutinin, differing from the agglutinins silicic acid and immune serum which 
not only result in agglutination but facilitate hemolysis by complement 

The Effects of Stasis Different concentrations (1 10 to 1 100,000) of isotonic solution 
of concanavahn A m 1 cc amounts were mixed with 1 cc of 10 per cent suspension of 
guinea pig red cells and 3 cc of phjsiologic solution of sodium chloride in Hinton tubes 
and allowed to stand for periods varying from three to twenty-four hours m a water bath 



Fig 11 — Red cells in contact with hemolytic serum from rabbits inoculated with guinea pig 
red blood cells A, without added complement Note the agglutination phenomena and the 
thorn apple appearance of the red blood cells " B, with added complement Many of the red 
cells are almost completely hemolyzed There is little thorn apple appearance The red cells 
tend to be spherocytic and to form bizarre rouleaux 

at 37 C The degree of hemolysis varied from experiment to experiment directly with the 
concentration used and the time of stasis The greatest degrees of hemolysis were present 
with the highest concentrations of concanavahn A and the longest periods of incubation 
When care was taken to avoid agglutination on the sides of the tubes by transferring the 
agglutinated red cells to other tubes, the degree of hemolysis was distinctly less than when 
this precaution was not observed , in fact, in one such experiment, there appeared to be actual 
inhibition of hemolysis (fig 12) 
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The greatest degrees of hemolysis, as with silicic acid and immune hemolytic serum, were 
present at incubator temperature, keeping the agglutinated cells at ice box temperature 
effectively inhibited the hemolytic tendency, at room temperature, various degrees of hemo- 
lysis took place 

The results w’lth stasis thus varied from experiment to experiment and appeared to depend 
to some degree on the extent of agglutination on the sides of the tubes and on the reaction 
of the agglutinated cells wnth the water of condensation It was therefore impossible to 
draw any definite conclusion regarding the effect of erythrostasis on the agglutinated red cells 

The Effects on Hypotonic Fragility Cells agglutinated by concanavalin A in various 
concentrations of distilled w'ater to which was added hypotonic solution of sodium chloride 
failed to be hemolyzed, wdnch show's that such cells are unusually resistant However, in 
experiments in w'hich the same technic was used as that employed wnth immune hemolytic 
serum, in wdnch the agglutinated red cells were allowed slowly to settle and were washed 
three times (wuthout centrifugation), there was a definite although slight increase in hypo- 
tonic fragility (hemolysis, betw'een 0 38 and 020 to between 0 52 and 0 04 per cent), indicating 
again — as wnth silicic acid and immune hemolytic serum — that the process of agglutination 
effected some injury to the envelope of the erythrocyte and an increase m spheroidicity of 
the cell itself 

The Effects of Mechanical Trauma The most marked and most consistent results w'ere 
obtained with the trauma obtained by shaking the red cells wnth glass beads The same 

SAU 



Fig 12 — Hemolysis with concanavalin A in various concentrations , stasis at 38 C. 
Concanavalin A, a pure agglutinin, results only in agglutination even with added complement 
Stasis of red cells agglutinated by concanavalin A resulted in a certain degree of hemolysis 
occurring prior to that of normal red cells , at twelve hours and thereafter, however, there was 
more hemolysis of the control red cells than of those affected by concanavalin A 

technio was utilized as with silicic acid and immune serum As with these substances, the 
most marked hemolysis took place with the highest concentration of concanavalin A (1 10) 
and with the most shaking (fig 13) However, by far the greatest amount of hemolysis 
(approximately 50 per cent of the total) took place within the first fifteen minutes of shaking 
Somewhat more hemolysis took place if the agglutinated red cells were allowed to incubate 
for one hour prior to being shaken 

Animal Experiments Guinea pigs inoculated mtrapentoneally with undiluted and diluted 
concanavalin A died with marked abdominal distention and without the development of hemo- 
lytic anemia or spherocytosis On the other hand, as Castle and Ham have already shown, 
m rabbits inoculated intravenously with concanavalin A acute hemolytic anemia developed, 
with spherocytosis and increased hypotonic fragility This indicated that a pure agglutinin 
could produce hemolytic anemia only when intravascular agglutination could be produced 

Concanavalin A, a pure agglutinin, unlike the complex agglutinin hemolysins 
silicic acid and immune hemolytic serum, produces only agglutination , complement 
IS without further effect However, like the more complex substances studied, it 
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produces definite alterations of the envelope of the red cell This is demon- 
strated by a slight alteration in hypotonic fragility and a marked alteration in the 
mechanical fragility, the reaction to eiythrostasis being equivocal When injected 
directly into the circulation, concanavalin A caused spherocytosis and hemolytic 
anemia, piesumably as the result of intravascular agglutination 

COMMENT 

The experiments described demonstiate that hemolysis of the red cell may be 
accomplished by pure or simple hemolysins (such as saponin), by complex 
hemolysins or agglutinins (silicic acid and immune hemolytic serum) and by pure 
agglutinins (such as concanavalin A) Saponin hemolyzes the red cell directly 
without the mediation of other factors, but the complex hemolysins and the 
agglutinins may require for hemolysis such primary factors as complement activity 
and mechanical trauma and such secondary factors as erythrostasis and a suitable 
temperature (table 1) It is possible that other factors may also be involved in 
certain conditions, namely the pu, the concentrations of such electrolytes as sodium 



A 

Fig 13 — Hemobsis with concana\alin A and mechanical fragility (shaking three hours), 
showing the effect of various concentrations Red cells agglutinated by concana'vahn A were 
readily hemolyzed by the mechanical trauma of shaking with glass beads for three hours , the 
degree of hemoljsis was dependent to a large extent on the concentration of concanavalin A 
used 

•und potassium, the degree of glycolysis, certain physical factors and certain splenic 
activities other than those of stasis 

Our expel iments indicated that silicic acid, immune hemolytic serum and con- 
canavalin A all produced injury to the red cell, which could be demonstrated in 
vaiiotis ways When sensitized (agglutinated) by these substances the red cell 
became vulnerable to mechanical trauma, and with the first two substances to 
complement activity A slight though definite increase in hypotonic fragility also 
became evident In all the experiments, certain metabolic activities were apparent, 
as indicated by the definitely inhibitory effect of low temperatures and the greatly 
enhancing effect of incubator temperatures In these in vitro experiments, erythro- 
stasis of agglutinated red cells appeared to be of secondaiy importance as com- 
pared with the factors of mechanical trauma and complement activity The natuie 
of the injury to the erythrocyte produced by the vaiious substances was studied 
Ty Reiner and Fischer,® who concluded that dehydration of the surface envelope 
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of the eiythiocyte takes place, with the resultant changes m its colloidal structure 
The thorn apple deformity seen by diiect inspection is probably evidence of this 
The methods used for testing injuiy to the red cells in vitro probably have 
then counteipaits in the pathologic piocesses of experimental and clinical hemo- 
l)tic states Thus, red cells sensitized by immune hemolysin and presumably 
fiist agglutinated become hemolyzed either by the mechanical trauma of passage 
through the circulation oi by complement, a normal constituent of blood It is 
probable that these two factors act together and aie to some extent aided by stasis 
since in our in vitro experiments stasis for a shoit time just prior to mechanical 
trauma appeared to enhance the eftects of shaking Red cells sensitized by a simple 
agglutinin, such as concanavahn A, may become hemol 3 ^zed in vivo owing to the 
combined activity of the factors of stasis and mechanical trauma 

Ham and Castle ® have recently stressed erythrostasis as the basic factor 
undei lying many, if not all, the hemolytic processes, both of experimental and of 
clinical origin Chiefly on the basis of Knisely’s work they concluded that the 
normal spleen has two mam functions, which are leproducible in the test tube 


Table 1 — Hemolytic Mechanisms 


Simple (pure) hemolysin -»ReJ blood cells-> Hemolysis (complete) 

or 

Incomplete hemolysis 
(spherocytosis) 

Oomplev hemolysin 1 fOomplement activity 

1-+Red blood cells -)^AKBlutlnatlon -yj 

Immune hemolysin ] (change in sur- Ulechanical trauma 

face envelope) ivith and without 
stasis 


|-)-HemoljsIs 
(a) Complete 


Autoagglutmm 
Immune agglutinin 
Concanavahn 
silicic acid 


Agglutinin — ^ >Rcd blood cells^ “Sensitization” 

•t 

Increased mechanical 
fragility 
i 

Hemolysis or 
Incomplete hemolj sis 

Physical Agents-^Red blood cells -^-Hemolysis, complete or incomplete 
Heat 
Cold 

Mechanical trauma, etc 


(b) Incomplete 
(spherocytosis) 
4 . 

Stasis 

(spleen, etc ) 
Hemolj SIS complete 


eiythrostasis and erythro concentration They stated that unusual erythrostasis m 
the presence of normal red cells, which they conceived of as occurring in heart 
failure, “hypersplenic” anemia, favism, certain agglutination reactions, increased 
blood viscosity or the tendency to rouleau formation, is the cause of hemolytic 
anemia The expeiimental hemolytic anemia which they pioduced by concanavahn 
A was interpreted as due to the extreme erj^thi ostasis induced by the agglutinating 
■effect of the chemical The experimental hemolytic anemia of immune hemolytic 
serum, which Dameshek and Schwartz - stated was due to hemolysin activity, was 
mterpieted by Ham and Castle as due to the action of the agglutinins present, 
with resultant “erythrostasis ” 

These conclusions are m several respects at variance with ours There is in 
the fiist place very little evidence that unusual erythrostasis occurs in the various 
conditions listed Furthermoie, although the spleen is doubtless an organ of 
erythrostasis, it probably has other than purely “test tube” functions Many of 

11 Knisely, M H Spleen Studies I Microscopic Observations of the Circulating 
System of Living Unstimulated Mammalian Spleens, Anat Rec 65 23, 1936, II Microscopic 
Observations of the Ciiculating System of Living Traumatized Spleens and of Dying Spleens 
ibid 65 131, 1936 
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its cells belong to the highly phagocytic leticuloendothehal system Accoiding 
to Bergenhem and Fahraeus/’ the spleen contains in greatest concentration the 
physiologic lysin called lysolecithin, which may altei the thickness of the red cells 
Other functions, such as the hormonal, have been listed by Singei, Millei and 
Dameshek 

Regal ding that group of hemolytic diseases m which sphei ocytosis is present 
and in which the hemolysis is said to be due to the effects of normal erythro- 
stasis on abnormal red cells, Ham and Castle made no attempt to explain the 
leason for the piesence of sphei ocytosis, even though in some cases a definite 
cause IS present (sulfonamide drugs, arsine [AsHs], etc ) It has been oui con- 
tention that when a hemolytic substance* pi oduces incomplete hemolysis, sphero- 
cytosis results The spherocyte may thus be said to be an indicatoi of hemolytic 
activit}’- and appeals after injury to the led cell b}'^ hypotonic solution of sodium 
chloride, saponin, lecithin, lysolecithin, immune hemolytic serum and even by such 
puiely physical means as heat’^®” and mechanical trauma According to this 
conception, the presence of sphei oc}dosis in cases of hemotytic anemia, whether 
congenital oi acquned, indicates not an abnormality m formation of the red cells 
but rathei the piesence of some soit of hemolytic agent — immunologic, chemical 
or physical — even though a hemolysin as such can only occasionally be demon- 
strated 

Oui expeiiments with immune hemolytic serum m which various degrees of 
spherocytosis, increased hypotonic fi agility and hemolytic anemia were pioduced 
seemed adequately explained on the basis of the hemolysin content of the serum 
The actual hemolytic mechanism is, honever, piobably more complex than that 
of simple lysis As pointed out previously, immune hemolytic serum, which is 
ordinarily considered to be simply a hemolysin, is in reality a complex material 
containing among other substances amboceptor, or sensitizer, which brings about 
agglutination and thus definite injury to the red cell Attempts to differ- 
entiate clearly and to separate agglutinin from hemolysin have been for the 
most part unsuccessful, and for this and other reasons some immunologists have 
a "unitarian” concept of agglutination and hemolysis Numerous experiments 
dating from the time of Bordet have shown that amboceptoi diffeis from com- 
plement, which is the actual hemolyzing substance and which can act only on the 
already injured erythrocyte In anemia due to concanavahn A, the mechanical 
tiauma involved m the circulation of agglutinated masses of red cells may be of at 
least as much importance from the hemolytic standpoint as the factor of stasis 
Thus our conception of hemolysis as an active process differs from that of Ham and 
Castle, who stress the more passive process of eiythrostasis 

12 Bergenhem, B , and Fahraeus, R Ueber spontane Hamolysinbildung im Blut unter 
besonderer Berucksichtigung der Physiologie der Milz, Ztschr f d ges exper Med 97 555, 
1936 

13 Singer, K , Miller, E , and Dameshek, W Hematological Changes Following Splen- 
ectomy in the Human with Particular Reference to Target Cells, Hemolytic Index, and 
Lysolecithin, Am J M Sc 202 171, 1941 

13a Isaacs, R , Brock, B , and Minot, G R Resistance of Immature Erythrocytes to 
Heat, J Clin Investigation 1 425, 1925 Ham, T H , and Chew, S C Studies on Destruc- 
tion of Red Blood Cells HI Mechanism of Hemoglobinuria in Thermal Burns Spherocytosis 
and Increased Osmotic Fragility of Erythrocytes, to be published 

13b Lieberman, L V , and Fenyvessy, B V Ueber Serumhamolyse, Jahresb f Immuni- 
tatsforsch u exper Therap 7 2, 1910 Ehrlich, P Experimentelle Untersuchungen uber 
Immunitat I uber Ricin, Deutsche med Wchnschr 17 976, 1891 von Baumgarten, P Die 
Osmologische Auffassung der Hamo- und Bakteriolyse, Biochem Ztschr 11 21 1908 
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Fioni the clmical standpoint, ceitain considerations are in order Unusual 
erythrostasis without the presence of agglutinins (as in heart failure) has been 
stated to pioduce inci eased hypotonic fragility and hemolysis Howevei, the 
inciease in fragility is minimal, and the observed increase m fecal uiobilmogen 
output is based not necessarily on ery tin ostasis but simply on an inci eased lemoval 
of led cells fioni the body In polycythemia vera, in which erythrostasis, viscosity, 
decreased blood flow, etc , aie maximal, there is no evidence of an inci eased hemo- 
lytic tendency, in fact, quite the leveise occuis^^" In multiple myeloma, in 
which the blood globulins are greatly increased, with lesiiltant marked rouleau 
foimation and actual pseudoagglutination, theie is rarely any evidence of even 
a slight inciease m hemolysis In expeiiments on dogs with splenic vein throm- 
bosis,^® partial oi complete, m which maiked splenic stasis was present, theie was 
no evidence of spherocytosis oi increased hypotonic fi agility In fact, the led cells 
tended to become thinner (target cells) and moie lesistant to hypotonic solutions 
In sickle cell anemia, Cooley’s erythroblastic anemia, taiget cell anemia and 
vaiious types of Mediteiianean anemia, there is usually increased hemolysis and 
yet the led cells are unusually lesistant to hypotonic solutions of sodium chloride 
All of these considerations tend to refute the conceptions of Ham and Castle 
legarding the impoitance of erythrostasis and agglutination m the development 
of increased hemolysis 

From the positive standpoint, furthermore, in certain cases acute hemolytic 
anemia is associated with the presence of hemolysins in the serum , m parox- 
ysmal (cold) hemoglobinuria an autohemolysin is piesent which appeals to act 
directly on the red cells Neither paroxysmal nocturnal hemoglobinuria noi 
march hemoglobinuria has been found to be concerned with the factors of 
agglutination oi eiythrostasis The former condition appears to be concerned with 
the presence of sensitized red cells, which m the presence of complement become 
hemolyzed In march hemoglobinuria, the sudden hemolysis is brought about by 
seveie muscular exeicise rather than by stasis In cases of “symptomatic” hemo- 
lytic anemia,^ in which the increased hemolysis is associated with some more 
fundamental condition, such as lymphatic leukemia, Hodgkin’s disease and dermoid 
cyst, there is no evidence of stasis Removal of a dermoid cyst in 1 of our cases 
resulted in complete cessation of the hemolytic process 

As pieviously stated, our conception of the various types of hemolytic syndromes 
lemains an active one and is fundamentally concerned with the activity of hemol- 

14 Waller, J Cause of Increased Fragility of Erythrocytes in Congestive Heart Failure, 
Proc Soc Exper Biol & Med 42 64, 1939 

14a Miller, E B , Singer, K, and Dameshek, W Use of the Daily Fecal Output of 
Urobilinogen and the Hemolytic Index m the Measurement of Hemolysis, Arch Int Med 
70 722 (Nov ) 1942 

15 Miller, E B , Singer, K, and Dameshek, W Experimental Production of Target 
Cells by Splenectomy and Interference with Splenic Circulation, Proc Soc Exper Biol & 
Med 49 42 and 45, 1942 

16 Dameshek, W “Target Cell Anemia” An Erythroblastic Type of Cooley’s Erythro- 
blastic Anemia, Am J M Sc 200 445, 1940 

17 Dameshek, W, and Schwartz, S O Acute Hemolytic Anemia (Acquired Hemolytic 
Icterus, Acute Type), Medicine 19 231, 1940 

18 Ham, T H , and Dingle, J H Studies in Destruction of Red Blood Cells II 
Chronic Hemolytic Anemia with Paroxysmal Nocturnal Hemoglobinuria , Certain Immuno- 
logical Aspects of the Hemolytic Mechanism with Special Reference to Serum-Complement 
J Chn Investigation 18 657, 1939 

19 Gilhgan, D R , and Blumgart, H L March Hemoglobinuria Studies of the Clinical 
Characteristics, Blood Metabolism and Mechanism, with Observations on Three New Cases 
and Review of the Literature, Medicine 20 341, 1941 
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ysins The woid hemolysin may be utilized for any substance ^vhlch injures 
the red cell, ' rendenng it liable to hemolysis (tables 2 and 3) Included are 
(a) pure or simple hemolysins (saponin, lecithin, lysolecithin, the Donath-Land- 
steiner hemolysin of paroxysmal cold hemoglobinuria, arsine and probably 
bulfanilamide, which causes changes m the hemoglobin structure of the red cell) , 
(&) complex hemolysins (silicic acid, tannic acid, immune hemolysin and othei 
ill defined hemolysins), and (c) agglutinins (isoagglutimns, autoagglutmms, pan- 
agglutinins and concanavahn A) In addition, there are probably hemolytic agents 
of more purely physical type — ^lieat, cold, mechanical injury — which may directly 


Table 2 — Hemolytic Syudtomcs Ettologic Factois 


Hemolysins 

Agglutinins 

Spleen 

Inherited factors 

Simple 

Isoagglutimns 
Transfusion reactions 

Passive (erythrostasis) 

Sickle celt 

Sulfanilamide 

Physical factors 

Oval cell ) Mediterra 

SnaLe venom 

Wrong type 

Heat 

Target cell i nean anemia 

Other chemicals, toxins 

Subgroups 

Cold 

? Spheroevte 

Complex— including 

Rh factor 

Mechanical injury 


immune hemolisis 

Erythroblastosis 

Congenital hemolytic 


Known 

foetalls 

jaundice 


Acute hemolytic 

Rh factor 

Acquired sphcrocjtosis 


anemia with 

Autoagglutinins 

Various causes 


Uemolyslnemia 

Acute hemolytic 

Active (abnormal) 


Paroxysmal (cold) 

anemia 

Abnormal hemolysin 


hemoglobinuria 

Sulfonamide drugs 

production (hy per 


Possible 

Acute hemolytic 
anemia without 
hemolysmemia 
Congenital hemoljtlc 

3 aundice 

Symptomatic hemo 
lytic anemia (leuke 
mla, Hodgkin’s 
disease dermoid 
cirrhosis) 

Paro- jsmal nocturnal 
hemoglobinuria 

Virus pneumonia 

splenism) 

Acute hemolytic 
anemia ? 

Congenital hemolytic 
jaundice crises ? 



Table 3 — Development of Hemolytic Syndiomcs*' 

Inherited factors 1 



Target cell ' 

Sickle cell i 

Spheroevte ? 1 



Hemolysins I 

-^Red blood cells -^Injury to red blood cells 


Simple 1 

+ 


Complex (may be of | 

Stasis 1 

f Hemolysis 

splenic origin) 

Mechanical trauma | 

Agglutinins ! 

Complement activity f 
Splenic activity J 

1 Incomplete hemolysis (spherocytosis) 

Simple 

Complex 


P g® — 0 4 per cent sodium chloride 

Physical factors J 




* Hemolytic syndromes are due to red cell injury as a result of the ncti\ ity of hemolysins, agelutinins, 
inherited factors and certain physical agents The Iniurcd red colls are vulnerable to such factors as 
erythrostasis, mechanical trauma in the circulation, the activity of complement and splenic activity As 
a result, either incomplete hemolysis (spherocytosis) or complete hemoljsis results 


injure the exposed red cell Certain hemolysins may be demonstrable in the 
blood, certain of them are demonstrable only by the effects they pioduce Thus, 
spherocytosis without demonstrable hemolysins, red cells abnormally fragile to 
mechanical trauma and red cells abnormally susceptible to an acid pn or to 
complement (paroxysmal nocturnal hemoglobinuria) may all indicate the effect 
of adsorption of hemolysin by the erythrocytes The place of the spleen in this 
etiologic discussion is obscure That it is a simple organ of eiythrostasis and 
without other function is difficult to believe in view of the dramatic results 
which have attended splenectomy m certain of our cases of acquired acute anemia 
with or without hemolysmemia In such cases the spleen is evidently a primary 
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organ in the production of hemolysin In many cases of hemolytic anemia, how- 
evei, the spleen is perhaps of only secondary impoitance In certain cases of 
hemolytic anemia — sickle cell anemia, Meditei ranean anemia of various grades 
of severity (Cooley’s anemia, taiget cell anemia) — which aie associated with an 
increased hypotonic lesistance of the erythrocytes, the mechanisms of the 
inci eased hemolysis appeal to be based on heieditaiy factois which aie at present 
obscure 

We behe\e, theiefoie, that hemolytic syndromes are due to many difterent 
mechanisms lather than to some one etiologic factor (action of hemolysin, ery- 
throstasis) Much work remains to be done in clarifying these mechanisms further 
and 111 applying knowledge of them to the clinical syndromes In the present 
papei the injurious effects of puie and complex hemolysins and of agglutinin have 
been partially analyzed and the concept of erythiostasis criticized 

SUMMARY AND CONCLUSIONS 

The effects on led cells of simple lysins, complex hemolysins and agglutinins 
weie studied in relation to such factors as stasis, tempeiatuie, mechanical tiauma 
and complement activity The substances used weie saponin (a simple lysm), 
colloidal silicic acid and immune hemolytic serum (complex hemolysins) and 
concanavalm A (a pure agglutinin) 

Simple lysins act directly on the red cells, pioducing either complete hemolysis 
or spherocytosis — incomplete hemolysis Complex hemolysins pioduce sensitization 
(actually agglutination) b} means of amboceptor and then hemolysis by means 
of (a) complement activity or (h) mechanical trauma A pure agglutinin produces 
agglutination , hemolysis ma}^ then be produced by mechanical trauma (shaking 
with glass beads) The factor of erythrostasis in our experiments seemed minimal 
We believe that hemoljsis is an active piocess due to red cell injury by a 
^ ariety of agents, such as pure hemolysins, complex hemolysins or agglutinins Red 
cell injury may be measuied not only by an increase m hypotonic fragility (present 
only with spherocytosis) but by othei means, such as the mechanical fragility, 
the leaction to an acid pn and the reaction to complement Erythrostasis, a passive 
phenomenon, is probably of only minor importance in the hemolytic piocesses 
In polycythemia vera and splenic vein thrombosis, m which erythrostasis is 
marked, and in multiple myeloma, with inci eased rouleau foimation and pseudo- 
agglutination, increased hemolysis is not present 

We believe that spherocytosis indicates incomplete hemolysis by means of the 
activity of some hemolytic agent, the presence of which may oi may not be readily 
discernible The spherocyte is vulnerable to stasis and may become completely 
hemolyzed by this means Thus, stasis may be of only secondary importance to 
the activities of hemolysin, agglutinin and othei factors 

The place of the spleen is still obscure We believe, hovevei, that it is 
probably more than a simple organ of stasis and may have an active hemolytic func- 
tion, particulaily in certain cases of acquired hemolytic anemia 

Hemolytic processes aie probably due to various causes, among them being 
the activity of hemolysins, both simple and complex, and of agglutinins, certain 
hereditary injuries to the red cells and certain splenic dysfunctions It is impos- 
sible to explain hemolysis on the basis of a single factor, such as erythrostasis 
(Ham and Castle) or the activity of hemolysins (Dameshek and Schwartz) If 
by hemolysin is meant any substance causing injury to the red cells, the latter 
theory seems more probable 

113 Bay State Road 



CLINICAL MANIFESTATIONS OF WEIL’S DISEASE WITH 
PARTICULAR REFERENCE TO MENINGITIS 


MUIR CLAPPER, MD 

AND 

GORDON B MYERS, MD 

DETROIT 

Before 1935 only 11 cases of Weil’s disease had been reported from the United 
States ^ Since that time additional cases have been reported with increasing 
rapidity ^ Seveial excellent summaries ® of the clinical manifestations of the disease 
have also appeared m the American and foreign literature Nevertheless it is still 
not widely appreciated m America that this malady may occui in a meningitic form 
and that jaundice is not a necessary concomitant 

HISTORY AND INCIDENCE OE MENINGITIS IN WEIL’s DISEASE 

What would appear to be the fiist recoided case of meningitis m Weil’s disease 
was leported by Laubry and Parvu,^ of Pans, France, m October 1910 These 
authors described 3 atypical cases of lymphocytic meningitis, 1 of the patients 
had jaundice and a clinical course which simulated that of Weil’s disease One 
week later Gullain and Richet ® described, and illustrated with 4 case reports, a 
distinct clinical syndrome of jaundice and meningitis, which in retrospect was prob- 
ably Weil’s disease It remained, however, for Costa and Troisier,® in 1916, to 
demonstrate that Leptospira icterohaemorrhagiae was responsible for the condition 
and that the meningeal form could occur without jaundice 

As European physicians, particulaily those in the Netherlands, have become 
moie conscious of the disease and its variations, an increasing number of cases of 
the nonicteric and meningeal form have been reported A fair proportion of the 
cases without jaundice have been characterized by the meningeal syndrome 

From the Departments of Internal Medicine of Wayne University College of Medicine 
and City of Detroit Receiving Hospital 

1 Jeghers, H J , Houghton, J D , and Foley, J A Weil’s Disease Report of Case 
with Post Mortem Observations and Review of Recent Literature, Arch Path 20 447-476 
(Sept) 1935 

2 (o) Blake, F G Weil’s Disease in the United States Report of a Case in Connecticut, 

New England J Med 223 561-565 (Oct 10) 1940 (6) Ashe, W F , Pratt-Thomas, H R , 

and Kumpe, C W Weil’s Disease A Complete Review of American Literature and an 
Abstract of the World Literature, Seven Case Reports, Medicine 20 145-210 (May) 1941 
(c) Larson, C L Weil’s Disease A Report of Fifty-One Cases Occurring in Puerto Rico 
and the United States, Pub Health Rep 56 1650-1655 (Aug 15) 1941 

3 Walch-Sorgdrager, B Leptospiroses, Bull Health Organ, League of Nations 8 143- 
386, 1939 Jeghers and others ^ Blake Ashe and others 

4 Laubry, C , and Parvu, M Syndrome meninge avec lymphocytose rachedienne d’origme 
indeterminee. Bull et mem Soc med d hop de Pans 30 236-244 (Oct 21) 1910 

5 Gullain, G, and Richet, C fitude sur une maladie infectieuse caracterisee par de 
I’lctere et un syndrome memngee. Bull et mem Soc med d hop de Pans 30 289-299 (Oct 
28) 1910 

6 Costa, S , and Troisier, J Reactions meningees dans la spirochetose ictero-hemor- 
ragique Virulence du liquide cephalorachiden. Bull et mem Soc med d hop de Pans 
40 1802-1806 (Nov 10) 1916 Costa, S , and Troisier, J Meningite avec subictere dans la 
spirochetose icterhemorragique, ibid 40 1928-1931 (Nov 24) 1916 
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Between 1924 and 1939 Walch-Sorgdragei,^ of Amsterdam, confirmed the diagnosis 
of 327 cases by either bactenologic or serologic means Of these, 129 cases were 
without jaundice Twenty of the nonjaundiced patients presented the clinical 
pictuie of serous meningitis As his study progressed, the incidence of the menin- 
gitic form increased, cases of that type comprising about one third of the cases 
without jaundice reported during the last two years In about 10 per cent of the 
248 cases of Weil’s disease reported from Gieat Britain prior to 1939 there was 
clinical and laboiatoiy evidence of meningitis ^ In the Ameiican literatuie cases of 
Wed’s disease with meningitis and jaundice have been repoited by Goldberg and 
Davens ® and Bloom and Walker ° 

Within the past yeai and a half we have observed 13 cases of Wed’s disease 
which reemphasized the frequency of meningeal involvement in this malady In 2 
of these cases there was both clinical and laboiatory evidence of meningitis, in 7 
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there was an abnoimal cellulai reaction in the cerebrospinal fluid without clinical 
signs of meningeal iriitation, and in 1 instance meningismus was present without 
pleocytosis of the cerebiospinal fluid Lumbar puncture was not perfoimed in 3 of 
the cases All the patients presented clinical evidence of hepatitis during some 
phase of the illness 

REPORT OF CASES WITH MENINGITIS 


Case 1— J E, a Negro poultry worker aged 56, was admitted to the City of Detroit 
Receiving Hospital during a generalized epileptiform convulsion on Dec 9 1940 The 
history, obtained from his wife, revealed that he was well until December 3, when he be-an 
to complain of generalized muscular aches On December 5 he suffered a chill and^'on 


A A L S P and Smith, J Weil’s Disease in the North-East of Scotland * 

An Account of One Hundred and Four Cases, Brit M J 2 753-757 (Oct 14) 1939 

John! HXnfnSp 68 lltlSTlS P«sent«,on. Bull 
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the {oIIo\\ing morning a cough pioductive of bloody sputum r\as present Shortly there- 
after he became nauseated and \oniited repeated!} Convulsions commenced the day before 
admission The past history was negative sa\e that as a youth he had had a penile lesion 

Examination revealed an unconscious, dehydrated Negro man with icterus of the scleras 
and injection of the conjunctivas The pupils reacted to light, and the optic fundi were 
normal There w'ere no extraocular or cranial ner\e palsies Old dried blood was present 
m both nares, and the lips and the tongue were diy The neck was markedly rigid, and both 
Kernig and Brudzmski signs w'ere present The lung fields w'cre resonant to percussion, and 
a few' scattered coarse rales were heard An edge of the luer, soft but sharp, and tender, 
was palpated 5 cm below the right costal maigiii The sjdetn was not palpated There was 
no h mphadenopathy No paralysis w'as noted The deep reflexes were equal and active, 
and no pathologic reflexes were elicited 

By lumbar puncture, a clear, golden yellow cerebrospinal fluid was obtained, which was 
under normal pressure This contained 52 white cells per cubic millimeter, of which 50 per 
cent were pohmorphonuclear (chart I) Since the patient was m contact with rats at his 
work in a poultry house and because of the presence of jaundice, hepatomegaly, severe pain 
of muscles, hemorrhagic manifestations and meningeal involvement, a clinical diagnosis ot 
Weil's disease w'as made The cellulai reaction in the ceieniospinal fluid, as may be seen 
m chart 1, reached its peak on December 10, when 990 white cells per cubic millimeter were 
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Chart 2 — Data m case 2 The patient presented mcnmgismus w ith pleocy tosis of the 
cerebrospinal fluid 


present Ninety per cent were polymorphonuclear The fluid was still veliow' on December 
12, and a qualitative van den Bergh test performed on this specimen became weakly' positive 
at the end of six minutes The meningeal signs and symptoms cleared in several davs, and 
the cerebrospinal fluid quickly became normal Kahn and Kline tests of the patient’s blood 
serum were positive but those of the cerebrospinal fluid were negative The subsequent course 
of illness m the hospital w'as that of low grade hepatitis w'lth progressive hy'pochromic, micro- 
cy tic anemia Specimens of serum obtained on Dec 19, 1940 and Jan 18, 1941, diluted 1 2,000 
and 1 100,000 respectively, agglutinated L icterohaemorrhagiae -o He was discharged 
improved Feb 10, 1941 

Case 2— L D, an unemployed Negro youth aged 18, was admitted to the City of 
Detroit Receiving Hospital on Mav 26, 1942 His health had been good until the morning 
of May 25, when headache, nausea and vomiting developed He was awakened by a true 
chill the following morning and was brought to the hospital a few hours hter 

Examination on admission revealed an acutely ill Negro vouth with a temperature of 103 F 
The conjunctivas were injected, and the scleras w'ere not icteiic The heart and the lungs 
were normal There was considerable tenderness, with voluntary splinting of the abdominal 
wall, m the right upper quadrant No abdominal masses were palpated Two large infected 

10 The agglutinations were reported to us by Dr Carl L Larson, of the National 
Institute of Health, Bethesda, Md , Dr K F Meyer of the Hooper Foundation of the 
University of California, San Francisco, and Dr Joseph Kaspei and Mrs C R Broom, of 
the Detroit Board of Health 
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bhsteis were present on the left hand Both the epitrochleai and the axillary lymph nodes 
on the left weie enlaiged and tender 

Bacteremia from the infection of the hand was considered, but the leukocyte count was 
low and blood cultures showed no grow'th On May 29 slight jaundice was noted The 
neck was stiff, and Keriiig and Brudzinski signs were present The possibility of compli- 
cating abscesses of the brain and the liver w'as consideied, and a lumbar puncture was pei- 
formed The ccrebiospinal fluid w'as completely normal On June 1 the urine revealed 
albumin as W'cll as occasional w'hite cells and 100 red cells per high power field By a 
second lumbar puncture, a clear yellow' ceiebrospinal fluid was obtained, which contained 
242 white cells per cubic millimeter Eighty per cent were lymphocytes (chart 2) A pellicle 
appeared after the spinal fluid had stood a few hours Since lepeated blood cultures weie 
negative, and the infection of the hand had subsided almost completely, it became evident, 
at this point, that the jaundice, meningismus, pleocytosis of the cerebrospinal fluid, con- 
junctival injection and microscopic hematuria w’ere all due to Weil’s disease rather than 
to septicemia from the manual focus of infection The patient when questioned carefully 
denied anj contact with rats but admitted that he not uncommonly visited poultry houses and 
stood in the water w'hile w'atching the employees at work 

The temperature remained near 103 F during the first four days of hospitalization and 
then, during the next four days, fell to normal by lysis The icterus index reached a peak 
of 60 units on June 4 and then gradually fell to 16 units before discharge Results of the 
remaining laboratorj studies are shown m table 1 After tlie temperature reached normal 
on June 2, tiie rigidity of the neck disappeared, and the patient rapidly became asymptomatic 
Specimens of blood serum secured on June 5 and June 16 agglutinated L icterohaemorrhagiae 
in dilutions of 1 1,000 and 1 100,000 rcspectivelj The patient was discharged well on June 18 

REPORT or CASES WITH CELLULAR CHANGES IN THE CEREBROSPINAL FLUID 

BUT WITHOUT MENINGISMUS 

Case 3 — T J, a Negro man aged 39, w’as admitted to the City of Detroit Receiving 
Hospital Aug 25, 1941 He had been well until August 19, when severe headache, marked 
anorexia, nausea and \omiting developed Fever without chills commenced the next day 
Urinarj frequency and dysuria appeared on August 21, with the urine becoming a deep 
golden brown He stated that his home was so infested with rats that it was frequently 
necessary for him to discard food because it was contaminated with their excreta 

Examination revealed a well developed and well nourished Negro man, who appeared 
older than his stated age and moderately ill The conjunctivas were markedly injected, and 
the scleras were jaundiced There was no stiffness of the neck Kernig and Brudzinski 
signs were absent The spleen and the liver were not palpated There was moderate general- 
ized Ij mphadenopathy The course of his illness in the hospital aside from a temperature 
of 100 F on the day of admission was afebrile The initial icterus index of 64 units fell to 21 
before discharge By lumbar puncture on August 29, a clear, pale yellow cerebrospinal fluid 
was obtained, which showed a trace of globulin It became colorless on standing five hours 
There were 14 white cells pef cubic millimeter Eighty-five per cent were lymphocytes 
(table 2) The Kline test was negative A 1 100,000 dilution of the patient’s serum obtained 
on August 27 agglutinated L icterohaemorrhagiae He was discharged, much improved, on 
September 12 

Case 4 — A J , a white slaughterhouse worker aged 52, was admitted to the City of 
Detroit Receiving Hospital on Nov 24, 1941 He had been well until November 17, when 
he experienced chilly sensations, fever, weakness and severe aching pains in the muscles of 
his arms and legs He became jaundiced several days before admission 

Examination revealed a moderately ill white man with Kussmaul respiration and deep 
orange jaundice The nose contained dried blood The neck was not stiff, and Kernig and 
Brudzinski signs were absent The heart and the lungs were normal aside from frequent 
extrasystoles A sharp, firm edge of the liver was palpated 8 cm below the right costal 
margin The spleen and the kidneys were not palpable On November 29 a generalized ery- 
thematous, morbilliform eruption suddenly appeared on the trunk and extremities It faded 
rapidly and had disappeared by December 4 

The icterus index reached a peak of 300 units on November 29 and then fell rapidy to 
50 units by December 4 During this same period the urea fell from 312 to 38 mg per 
hundred cubic centimeters of blood By lumbar puncture on November 29, a clear, deep 
golden yellow cerebrospinal fluid was obtained, which contained 0 55 mg of bilirubin per 
hundred cubic centimeters and gave an immediate direct but weak van den Bergh reaction 
Twelve lymphocytes per cubic millimeter of cerebrospinal fluid were present (table 2) The 
temperature ranged between 98 F and 102 F until December 8, after which the patient was 
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afebrile Specimens of serum obtained on December 8 and 23, diluted 1 1,000 and 1 100,000 
respectively, agglutinated L icterohaemorrhagiae The patient was discharged improved 
on Jan 28, 1942 

Case 5— E H, a white junk collecter aged 47. was admitted to the City of Detroit 

Receiving Hospital on Dec 6, 1941 He had been well until November 30, when chilly 

sensations and severe aching pains in the legs, arms and back developed He also became 

nauseated and vomited repeatedly Before admission his urine became a dark amber color 

but the appearance of his stools remained normal 

Examination on admission revealed a thin, jaundiced white man, who did not appear 
acutely ill The scleras were icteric, and conjunctival injection was present bilaterally 
The neck was not stiff, and Kernig and Brudzinski signs were not present A soft but sharp, 
nontender liver edge was palpated 3 cm below the right costal margin The spleen was 
not felt The remainder of the phjsical examination yielded negative results 

The temperature reached 100 F during the first three days of hospitalrzation but was 
normal thereafter The urea content of 232 mg per hundred cubic centimeters of blood 
found on December 8 fell to 60 in the next five dajs The icterus index decreased from 
94 to 40 units between December 9 and 20 By lumbar puncture on December 9, a clear 
golden yellow fluid was obtained It contained 0 56 mg of bilirubin per hundred cubic 
centimeters There were 93 white cells per cubic millimeter of fluid Eighty-two per cent 
of these were lymphocytes (table 2) The van den Bergh reaction of the cerebrospinal fluid 
was direct, immediate and weak Dark field examination of the patient’s blood on December 
6 failed to reveal any leptospiras Specimens of blood serum obtained on Dec 23, 1941 
and Jan 6, 1942, diluted 1 10,000 and 1 100,000 respectivelv, agglutinated L ictcrohaemor- 
rhagiae He was discharged well Jan 17, 1942 

Case 6 — E Tr, a white man aged 33, was admitted to the City of Detroit Receiving Hos- 
pital Dec 8, 1941 He had been well until the moining of December 1, when, while at work 
as a syrup mixer in a soft drink factorv, he began to ha\c aching pains m the muscles and 
joints of the extremities He was confined to bed because of extreme weakness, and on 
December 5 epistaxis developed and his temperature rose to 103 F Chilliness, anorexia, 
nausea and \omiting soon followed The urine became amber in color on December 6 
Jaundice w'as detected the day before admission 

Examination revealed a w'ell developed and not acutely ill w'hite man deeplj bronzed from 
jaundice The scleras were icteric and the conjunctivas injected, and there w'ere seeeral 
subconjunctival hemorrhages The pharjnx was slightly injected, and a few' shotty cervical 
Ivmph nodes were palpable The neck w'as not stiff, although there w’ls some discomfort on 
flexion A firm, sharp edge of the liver w'as palpated 1 cm below' the right costal margin 
The spleen w'as not palpated Small brow’iiish purpuric spots were present in the skin over 
the ankles and tibias The muscles of both cahes were tender Kernig and Brudzinski 
signs were not obtained 

Characteristic leptospiras were found on dark field examination of the patient’s blood 
on December 8, and the serum van den Bergh reaction w'as direct, immediate and strong 
The icterus index, which was 109 units on admission, fell to 25 in the course of one week 
Bv lumbar puncture on December 9, a clear, light golden jellow fluid w'as obtained, w'hicli 
contained 0 33 mg of bilirubin per hundred cubic centimeters of cerebrospinal fluid There 
were 94 white cells per cubic millimeter, and of these 6 per cent w'cre polymorphonuclear 
(table 2) The van den Bergh reaction of the cerebrospinal fluid was direct, immediate and 
weak A 1 100,000 dilution of blood serum, obtained on December 23, agglutinated L ictero- 
haemorrhagiae After a mild and afebrile hospital course, he was discharged w'ell on Decem- 
ber 23 


Case 7 E Tu, a Negro poultry worker aged 40, was admitted to the City of Detroit 
Receiving Hospital on Dec 16, 1941 He had been well until December 12, at w'hicli time 
he became weak and chilly and noted that his teeth were sore The next dav aching pams 
appeared in his legs Shortly before admission to the hospital he noticed that his uime was 
dark amber in color He did not inspect his stools 

Examination on admission revealed a drowsy, dehjdrated Negro man, who appeared 
acutely ill The conjunctivas were injected, and the scleras were deeply jaundiced There 
was no stiffness of the neck, and Kernig and Brudzinski signs w'ere absent Neither the 
in er nor the spleen was palpated Slight tenderness of a calf w'as present 

We experienced severe shaking chills on December 16, the day of admission, and on 
Uecember 17, but thereafter the temperature did not exceed 101 F It w'as normal after 

Semhlr la admission, fell rapidly to 55 units on 

uecember 24 By lumbar puncture on December 17, a clear, pale lemon j'ellow fiwd was 
obtained, which contained 81 white cells per cubic millimeter SevenTv six per cent were 
jmpiocytes (table 2) The van der Bergh reaction of the cerebrospinal fluid became weakly 
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positive at the end of eight minutes Dark field examination of the patient’s blood on the 
■day of admission failed to reveal any leptospiras A 1 100,000 dilution of a specimen of 
blood serum obtained Jan 6, 1942 agglutinated L icterohaemorrhagiae He was discharged, 
much improved, January 14 

Case 8 — H G , a white farmer aged 28, was admitted to the City of Detroit Receiving 
Hospital July 27, 1942 He had been m good health until the morning of July 17, when he 
experienced chilly sensations, became nauseated and commenced to vomit These symptoms 
persisted, and he became progressively weaker until July 21, when severe aching pains 
developed m the extremities, particularly in the calves of the legs At that time he noted 
that his urine was dark and his stools light, but jaundice was not detected until July 27, 
. the day of admission He stated that lats were present on the farm where he was employed, 
but he was not aware of any close contact with them 

Examination on admission revealed an acutely ill jaundiced white man with a temperature 
of 102 F The conjunctivas and the pharynx were markedly injected The neck was not 
stiff, but some tenderness was present on flexion Kernig and Brudzinski signs were absent 
The heart and the lungs were normal to physical examination The blood pressure was 80 
svstolic and 55 diastolic A firm, sharp edge of the liver was palpated 5 cm below the right 


BLOOD UREA 
ICTERUS INDEX 
BLOOD PRESSURE 


7-29-42 7-31-42 8-3-42 


8-5-42 


1 I - 

• 1 » , , 

^ I 

t 


I 

L 





T i ' T n ^'WB Wuw ip i 'q 

'U f 


2 1 


f* I wN 'I 

I 




l-'CjaiiW 


V, 



276 

40 

78/54 


147 

93 

104/58 


/,-! 'iw- 


<* 

I * rt „• 


-T— TT~n ia> ^ " 4*' 






i?w5 

I lA »» S- ^ 


93 

80 

100/70 



52 


Chart 3 — Electrocardiograms m case 8, showing delayed auriculoventricular conduction m 
Weil’s disease 


costal margin The spleen was not palpated The muscles of the extremities were very tender 
Because of the characteristic history and the findings irom physical examination a tentative 
diagnosis of Weil’s disease was made 

Persistent hiccups and intense pruritus appeared on July 28 During the next twenty- 
four hours a moderate oliguria developed with the formation of only 6 ounces (170 cc ) of 
urine At the end of this period the urea had reached 276 mg per hundred cubic centimeters 
of blood (chart 3) Since necropsy studies in cases of Weil’s disease have revealed 
degeneration of the adrenal cortex, the patient’s hypotension and oliguria were treated with 
desoxycorticosterone acetate, in addition to transfusion of a half liter of blood and repeated 
intravenous administration of 5 per cent dextrose in saline solution The next day, July 30, 
the blood pressure reached 96 systolic and 60 diastolic, and the blood urea commenced to 
fall (chart 3) The temperature gradually decreased, reaching normal on July 30 It 
remained normal until August 5, than it rose to 101 F and continued at about this level 
for five days, after which it became and remained normal By lumbar puncture on July 31, 
a clear, light yellow cerebrospinal fluid, was obtained, which contained 81 white cells per 
cubic millimeter Eighty per cent were polymorphonuclear The van den Bergh reaction 
of this fluid was direct, immediate and weak (table 2) An electrocardiogram taken on July 
29 was normal save for considerably delayed auriculoventricular conduction This was still 
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present on August 3, but two days later, had reverted to normal limits (chart 3) With th& 
fall of the urea to normal, the hiccups disappeared and the remainder of the course m the 
hospital was uneventful A specimen of blood scrum secured August 20, diluted 1 1,000,000, 
agglutinated L icterohaemorrhagiae He was discharged much improved August 29 

Case 9 — G H , a Negro fish cutter aged 39, was admitted to the City of Detroit Receiv- 
ing Hospital on Aug 8, 1942 He had been taken ill suddenly on the evening of August 6 
with a chill, a sharp, stabbing pain m the left upper quadrant of the abdomen, headache, and 
aching pains in the muscles of the extremities He experienced a second chill the next day 
and a third shortly before admission, August 8 At that time he became nauseated and com- 
menced to lomit Pam and burning on urination were experienced at the beginning of his 
illness, and the day before admission he noted that his urine was dark orange 

He had had repeated admissions to this hospital dating back as far as 1922 He stated 
that during recent months his activity had been limited because of sjphilitic heart disease, 
for which he had been receiving treatment 

Examination on admission revealed a slight jaundiced Negro man, who was acutely ill 
Both pupils reacted to light and m accommodation The conjunctivas and the pharynx 
were slightly injected No stiffness of the neck was present Subcrepitant inspiratory rales 
were heard over the lower thirds of both lung fields posteriorly The apical impulse was 
palpated 11 cm to the left of the midsternal line in the fifth interspace The rate and the 
rhjthm were regular, and systolic and diastolic blowing murmurs were heard over the entire 
precordium The murmurs were loudest m the second right interspace adjacent to the 
steinum Systolic blood pressure was 140, diastolic, SO The abdomen was soft, vith 
moderate tenderness in the left upper quadiant Neither the liver nor the spleen was pal- 
pated Moderate tenderness of the calves was present Kernig and Brudzinski signs were 
absent In view of the patient’s occupation and rather characteristic historj' Weil’s disease 
seemed the most likely explanation for his jaundice He also had slight heart failure due to 
syphilitic aortic insufficiency 

Bj lumber puncture on August 13, a pale jellow cerebrospinal fluid was obtained on which 
the van den Bergh reaction was direct, immediate and weak This contained 40 white cells 
per cubic millimeter, of which 90 per cent were polymorphonuclear (table 2) Positive 
Kline reactions were obtained on both the blood serum and the cerebrospinal fluid The 
colloidal gold test performed on the latter gave a paretic type of curve The patient quickly 
improved after admission to the hospital and received no specific treatment for his Weil’s 
disease A specimen of blood serum obtained August 20 agglutinated L icterohaemorrhagiae 
when diluted 1 1,000,000 His hospital coarse was quite uneventful, and he was discharged 
improved September 13 


REPORT OF A CASE WITH MENINGISMUS BUT WITHOUT PLEOCYTOSIS 
or THE CEREBROSPINAL FLUID 

Cs.SE 10 — L G, a Negro automobile washer aged 39, was admitted to the City of Detroit 
Receiving Hospital on Nov 29, 1941 He had been well except for a slight cold until 
Novembei 27, when he noticed weakness, anorexia and severe aching pain in the back and 
the extremities 

Examination on admission revealed an acutely ill, drowsy, dehj’drated Negro man with 
sunken eyeballs Because of the presence of marked rigidity of the neck, as well as Kernig 
and Brudzinski signs, a tentative diagnosis of tuberculous meningitis was made Lumbar 
puncture, however, revealed a completely normal cerebrospinal fluid Weil’s disease was 
considered at this time but was not definitely diagnosed until the appearance of slight icterus 
of the scleras, on December 1, two days after admission Auricular fibrillation commenced 
on the morning of December 2 That afternoon two physicians independently demonstrated 
typical leptospiras on dark field examination of the patient’s blood The urea reached a 
peak of 420 mg per hundred cubic centimeters of blood on December 3, at which time a 
pericardial friction rub was heard in the fourth left interspace adjacent to the sternum Serial 
e ectrocardiograms (chart 4) confirmed the presence of auricular fibrillation and reveale 
e evation of the ST segments in leads II and III, characteristic of pericarditis The latter 
was believed to be of fibrinous type the result of uremia 

Both friction rub and auricular fibrillation had disappeared by December 4 In the course 

° ^ A hundred cubic centimeters of blood During this 

period the jaundice became deeper, and epistaxis, bleeding from the gums and hemorrliagic 
herpes appeared The icterus index, which reached 150 units on December 8, gradually 
declined to 19 units on December 29 

The blood pressure bordered on shock levels (chart 4) until a transfusion of half a 
ter of comalescent blood from the patient in case 4 was given on December 8 The temper- 
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ature fluctuated between normal and 103 F until December 15, nineteen days after the 
onset of his illness It did not rise above 100 F thereafter and gradually leveled off to 
normal The initial hemoglobin of 11 5 Gm per hundred cubic centimeters of blood slowly 
fell to 6 Gm and then increased slowly in response to non therapy (chart 4) By a second 
lumbar puncture, December 12, a clear, yellow fluid was obtained, which contained 4 white 
cells per cubic millimeter and 06 mg of bilirubin per bundled cubic centimeters The 
van den Bergh reaction of the ceiebiospinal fluid was direct and immediate but weak 
(table 2) A 1 100,000 dilution of blood serum obtained December 23 agglutinated L ictero- 
haemorrhagiae The patient was discharged much improved Jan 26, 1942 

REPORT OF REMAINING CASES 

C ^SE 1 1 — Y C , a Mexican poultry worker aged 46, w as admitted to the City of Detroit 
Recenmg Hospital on Feb 1, 1941 He had considered himself w'ell until January 26, when 



Chart 4 — Electrocardiograms in case 10 


severe aching pains developed in his legs, shoulders and lumbar region Later the same day 
he felt feverish and vomited repeatedly On January 30 his stools became light and his urine 
dark, and his skin assumed a yellow color 

Examination on admission revealed a deeply jaundiced, acutely ill Mexican man His 
face and eyelids were puffy, and his scleras were a deep yellow The neck was not stiff, and 
Kernig and Brudzinski signs were absent There was a dark red maculopapular eruption over 
the trunk, with a purpuric eruption over the legs Capillary resistance as determined by the 
Rumpel-Leede test was markedly decreased The heart was not enlarged, and a systolic 
murmur was present at the apex The abdomen was distended with fluid, and a sharp edge 
of the liver was ballotable 4 cm below the right costal margin The spleen and the kidneys 
were not palpated 

The temperature fluctuated between 100 F and 104 F during the first week of hospitali- 
zation It fluctuated between 99 F and 102 F during the remainder of February, leveling off 
to normal early m March, five weeks after the onset of the illness At admission the icterus 
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index was 120 units, it gradually fell, reaching 10 units on March 7 The serum albumin, 

■which was 2 5 Gm per hundred cubic centimeters on February 8, increased to 4 4 Gm by 

February 17 Inasmuch as albuminuria was slight, impaired synthesis of serum proteins, the 

result of damage of the liver, seemed the most likely cause Concomitant with this increase 

of serum proteins the edema decreased markedly, the ascites disappeared, and the patient’s 
weight fell from 182 to 165 pounds (from 82 5 to 74 5 Kg ) The prothrombin, which was 
reduced to 55 per cent, returned to normal after administration of synkamin (4-amino-2-methyl- 
1-naphthol hydrochloride), a synthetic substance with \itamin K activity Specimens of 
serum obtained on February 12 and 27, diluted 1 10,000 and 1 100,000 respectively, 
agglutinated L icterohaemorrhagiae The patient was discharged much improved March 10 

Case 12 — O F , a white brewery worker aged 64, was admitted to the City of Detroit 
Receiving Hospital on Feb 18, 1941 He had been in good health until February 4, when 
severe aching pains developed in the muscles of his legs On February 15, while at work, he 
became acutely ill with nausea, vomiting, diarrhea, rectal incontinence and hallucinations 
That afternoon he experienced two chills The next morning his urine was dark, but jaundice 
was not noticed until the day before admission 

Examination revealed an acutely ill, semiconscious aged white man The jaundice was 
deep, having somewhat of an orange hue His lips were dry, and the tongue was dry and 
heavily coated The neck was not stiff, and there was no lymphadenopathy Kernig and 
Brudzmski signs were not present The lungs were resonant, and a few inspiratory sub- 
crepitant rales were heard at both bases posteriorly The heart was slightly enlarged to per- 
cussion, and no murmurs were heard The systolic blood pressure was 132, the diastolic, 105 
The abdomen was distended with gas The spleen, the liver and the kidneys were not palpated 
A few small ecchjmoses were present over both legs The icterus index was 70 units, and the 
urea, 188 mg per hundred cubic centimeters of blood The urine contained albumin (4 -j- 
and bile 2 -{-) in addition to 35 white cells and 100 red cells per high power field (table 1) 
Treatment consisted of intravenous ifijection of dextrose in saline solution, administration ot 
synkamin and transfusion of a half liter of blood from the patient in case 11, whose serum, 
diluted 1 10,000, agglutinated L icterohaemorrhagiae The temperature, which was 100 F 
on admission, steadily rose until it reached 104 F at the time of death on February 21 

At autopsy the heart was found to weigh 450 Gm The epicardial surface and the endo- 
cardial surface over the chordae tendinae showed a few minute hemorrhages There were 
numerous widely distributed pinpoint hemorrhages on the surfaces of both kidneys and the 
small bowel, particularly the ileum In sections stained by a silver impregnation technic, 
occasional leptospiras were found in the cellular detritus in the renal tubules None was found 
in the liver 

Microscopic study of the nervous system disclosed multiple localized capillary ectasias, 
mostly in one subcortical region, but also involving the deepest portion of the cortex Small 
lymphocytic infiltrations were present in the adventitia of the subependymal vessels 

Case 13 — F H, a Negro odd job man aged 51, was admitted to the City of Detroit 
Receiving Hospital June 8, 1941 He had considered himself well until the afternoon of 
June 2, when he had several chills, followed by headache and intense aching pains m tlie 
extremities, particularly in the legs The next day his eyes were yellow and marked anorexia 
without vomiting or abdominal pain appeared These symptoms persisted until June 8, when, 
after a nosebleed, he was hospitalized He was not aware of any close contact with rats or 
their excreta 

The patient was a well developed and well nourished Negro man, who did not appear 

acutely ill His neck was not stiff, and Kernig and Brudzmski signs were absent The 

remainder of the examination gave negative results aside from marked jaundice of the scleras 
and a firm, sharp, slightly tender edge of the liver, which was palpable 1 5 cm below the 
right costal margin Kline and Kahn tests of the patient’s serum were positive Blood serum ^ 
obtained on June 9 and August 21, diluted 1 1,000 and 1 100,000 respectively, agglutinated L 
icterohaemorrhagiae By lumbar puncture two weeks after admission, a completely normal 
cerebrospinal fluid was obtained On admission the urea was 204 mg per hundred eubic centi- 
meters of blood and the icterus index 176 units They gradually fell to normal A finely 

papular pruritic eruption appeared over the trunk on June 18 and faded within a few days The 

entire course of his illness in the hospital was mild and practically afebrile The patient was 
discharged, much improved, on Jul> 10 

11 This pathologic report is included with the permission of Dr Osborne A Brines, 
pathologist at the City of Detroit Receiving Hospital and associate professor of pathology at 
the Wayne University College of Medicine 
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COMMENT 

The symptom complex of Weil’s disease is often sufficiently characteristic 
to permit the condition to be diagnosed clinically The onset is abrupt, with chills, 
fever, headache, muscular pains and weakness In the present series a true chill 


Table 2 — Co cbt osptml Fluid m JVcil’s Disease 
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occurred in 6 cases, chilly sensations in several more and fever m all 13 Muscular 
pains, headache, nausea and weakness each occurred in 11 Emesis was present m 
10 and cough and abdominal pam each in 6 External bleeding was observed in 3 
and convulsions in 1 The occurrence of symptoms referable to the urinary tract 
was also of interest, for 5 patients experienced frequency and 3 dysuna Four 
patients were troubled with persistent hiccups In each of these patients there was 
marked retention of urea, and the singultus stopped as the blood urea approached 
normal 
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Physical examination revealed jaundice in all 13 cases, tenderness of the muscles 
of the calves in 12, conjunctival injection in 11, abdominal tenderness in 9, hemor- 
1 hagic manifestations m 8, enlargement of the liver in 8, skin eruption in 3, menin- 
gismus in 3, geneiahzed lymphadenopathy in 2, iridocyclitis in 1 and auricular 
fibrillation associated with pericardial friction rub in 1 Abdominal tenderness 
when present was in the right upper quadrant and occurred in those cases with 
enlargement of the liver It was thought to be due to the distention of Glisson s 
capsule 

Perusal of charts 3 and 4 reveals that the delayed auriculoventricular conduction 
m case 8 (chart 3) and the pericarditis and auricular fibrillation in case 10 (chart 4) 
each occurred during the height of the illness, when retention of urea was most 
marked While it is possible that the uremia was responsible for the pericarditis, 
it seems more likely that the auricular fibrillation and the disturbance of conduction 
were due to the effect on the heart of the spirochetes or their toxic products, for 
we have not noted such cardiac involvement in uremia from other causes 

The significant findings in the blood and the urine are summarized in table 1 
There is still uncertainty as to the course of the hemorrhagic manifestations m this 
disease The prothrombin percentages, as determined by the method of Quick,^^ 
were appreciably decreased in most instances They did not, however, reach levels 
sufficiently low to account for the hemorrhagic manifestations In the 3 cases in 
which platelet counts were performed, thrombopenia was not marked enough to 
account for hemorrhage A positive Rumpel-Leede test in case 11 indicated the 
presence of capillary damage This test also was negative in the other cases with 
hemorrhage A considerable leukocytosis, with counts usually between 18,000 and 
30,000, was present in 11 of the 13 cases There was a distinct shift to the left in 
the leukocytes of the peripheral blood as well as in the bone marrow m the 2 patients 
subjected to sternal puncture In 4 patients a marked hypochromic, miciocytic 
anemia developed Albuminuria was present in every case Microscopic study of 
the urine not uncommonly revealed white cells, red cells or both Levels of urinary 
urobilinogen were extremely variable 

Marked retention of the nitrogenous products of the metabolism of protein 
was common in this series as in others of Weil’s disease There has been some 
question as to the genesis of azotemia in this condition Reference to table 1 

shows that frequently the blood urea was higher in the moderately jaundiced 
patients than in those more deeply icteric The cases illustrated in figures 3 and 4- 
each showed a precipitous fall in blood urea concomitant with a rise in icterus index. 
As a result of these observations we believe that the renal damage, which was 
obviously quite transient, was due to the effect of the spirochetes or their products, 
rather than to cholemia 

Three of the 13 patients (cases 1, 2 and 10) exhibited clinical signs of meningeal 
involvement These consisted of marked stiffness of the neck, Kernig and Brudzinski 
signs, headache and vomiting The patient in case 1 had in addition generalized 
epileptiform convulsions The cell count on the cerebrospinal fluid of this patient 
reached a peak of 990 cells per cubic millimeter of fluid Polymorphonuclear cells 
predominated early and lymphocytes later (chart 1) Case 10, in which consider- 
able rigidity of the neck preceded the appearance of jaundice, was mistaken for a 
case of tuberculous meningitis on admission of the patient to the hospital This case 
demonstrates that marked meningismus may exist without any abnormality of the 


(nly ST'^193^ ^ Bleeding in Jaundice, JAMA 110 1658-1662 

13 Merklen, P , and Lioust, C L azotemie dans les icteres infectieuv Rnll 
Soc med d hop de Pans 40 1865-1916 (Nov 24) 1916 ’ 
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cei ebrospmal fluid other than an mci ease in pressure Similar American cases have 
been reported by Haschec and Tobey’-'^ and Ashe, Pratt-Thomas and Kumpe^*' 
Seven of the 8 remaining cases in which the patient was subjected to lumbar punc- 
ture showed an increased cell count for the cerebrospinal fluid in spite of the 
absence of clinical signs of meningeal involvement In 5 of these the protein content 
of the cerebrospinal fluid was also increased It is of interest that such changes 
occurred without clinical symptoms, whereas in case 10 clinical menmgismus 
occurred without abnormality of the cerebrospinal fluid Inasmuch as the lumbar 
punctures in this case were peifoimed on the third and sixteenth days, the pos- 
sibility of a transient pleocytosis of the cerebrospinal fluid in the interim cannot be 
excluded The dextrose content of the cerebrospinal fluid was essentially normal in 
all of the cases studied 

A yellow cerebrospinal fluid was obtained in 10 of the 11 cases in which lumbar 
puncture was performed In some of these the yellow color faded somewhat on 
standing, and in case 3 it disappeai ed completely In 8 cases the cerebrospinal fluid 
gave a positive qualitative van den Bergh reaction, and in 4 it was possible to 
measure the bilirubin content quantitatively This proves to our satisfaction that 
at least m Weil’s disease bilirubin in appreciable quantities passes the meningeal 
barrier Since we found more bilirubin in the cerebrospinal fluids of patients v ith 
'V\’'eirs disease than in patients jaundiced to like degrees in other diseases, we agree 
with Dragert’s hypothesis that the permeability of the diseased meninges in this 
condition is increased 

SUMMARY 

Thirteen cases of Weil’s disease are reported In 2 both clinical and laboratoiy 
evidence of meningitis was observed , m 7 there was an abnormal cellular reaction 
in the cerebrospinal fluid without clinical signs of meningeal irritation, and in 1 
meningismus was present without the cerebrospinal fluid showing pleocytosis 

Cell counts on the cerebrospinal fluid may reach 1,000 or more per cubic milli- 
meter Polymorphonuclear cells predominate early and lymphocjtes later The 
dextrose content of the cerebiospinal fluid is not altered Yellow discoloration of 
the cerebrospinal fluid is common in Weil’s disease It is at least in part due to 
bilirubin 

Marked retention of urea is frequent 

Pericarditis, auricular fibrillation or disturbances of conduction may occui in 
hearts previously normal 

The plasma prothrombin, although appreciably decreased in most instances, 
usually does not reach levels sufficiently low to account for the hemorrhagic mani- 
festations 

Anasarca, the result of hypoproteinemia, may develop 

Immunotransfusions may be of value in treatment and are worthy of a more 
extended trial 

City of Detroit Receiving Hospital 

14 Haschec, W , and Tobey, F J A Case of Weil’s Disease, JAMA 113 1319- 
1321 (Sept 30) 1939 

15 Dragert, E Beitrag zur pathologischen Anatomic der Weilschen Erkrankung, 
Virchows Arch f path Anat 292 4S2-464 (June) 1934 
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There has been no evidence to show that essential pentosuria is related in any 
nay to diabetes mellitus, and no complete report of their combined occurience 
can be found in the literature^ In the first case presented here the patient was 
suftermg from both essential pentosuria and diabetes mellitus By way of com- 
paiison a case of uncomplicated essential pentosuria is also reported 

Essential pentosuria is a hereditary abnormality of metabolism characterized 
by continuous excretion of small amounts of pentose in the urine, unaffected by 
alterations in the diet The first case of this disorder was reported by Salkowski 
and Jastrowitz ^ in 1892 Since then reports of more than 170 cases have appealed 
in the hteiature The incidence of this disorder in the general population is 
estimated by Blatherwick ^ to be 1 50,000 

The pentose excreted has been found m most instances to be levorotatory 
xylulose, formerly called Z-xyloketose Enklewitz and Lasker ^ have shown that 
the administration of cZ-glucuronic acid caused an inci eased excretion of xylulose, 
and they were in this way led to believe that glucuionic acid is a precursor of 
xylulose Schultsz ° has confirmed this woik and suggested that the reaction may 
take place in the kidney 

Pentosuria can be classified into two types, ahmentaiy and essential Alimen- 
tary pentosuria is the transient excretion of pentose in the urine following the 
ingestion of ceitain foods, particularly cherries, grapes, prunes, pears, blackberries, 
strawberries, wine and beer These foods contain pentosans, some of which are 
excreted in the urine in the form of pentose In many cases pentosuria which 
has been designated transient, intermittent, occasional or acquired falls under 
this heading of alimentary pentosuria 

The ciiteiia for the diagnosis of essential pentosuria are as follows (1) the 
continuous excretion of small amounts of pentose in the urine, unrelated to diet, 
(2) absence of symptoms, (3) history of hereditary pentosuria when obtainable, 
and (4) a normal dextrose tolerance curve unless there is associated diabetes 
mellitus 

For the identification of pentose the following tests should be performed (1) 
the reduction of copper salt solutions, (2) test for absence of fermentation, (3) the 

Eugene Meyer Jr Fellow ^ 

From the Department of Chemistry of the Laboratories and from the Medical Clinic of 
Dr George Baehr of the Mount Sinai Hospital 

1 Since this article has been written, a case of pentosuria and diabetes mellitus has been 
reported (Moss, R E , and Walker, B S Pentosuria and Diabetes Mellitus, JAMA 120 
25 [Sept 5] 1942) 

2 Salkowski, E, and Jastrowitz, M Ueber eine bisher nicht beobachtete Zuckerart im 
Harn, Centralbl f d med Wissensch 30 337, 1892 

3 Blatherwick, N R Xylulosuria, m Blumer, G Practitioners Library of Medicine 
and Surgery, New York, D Appleton-Century Company, Inc , 1938, vol 13 

4 Enklewitz, M , and Lasker, M The Origin of 1-Xyloketose (Urine Pentose) , J Biol 

Chem 110 443, 1935 ’ 

5 Schultsz, J C Ondersoekingen over pentosune, Amsterdam, N V Uiteevpr-;- 

Maatschappu “Kosmos,” 1938 ’ 
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test with Bial’s reagent (orcmol, hydrochloric acid and ferric chloiide), (4) the 
aniline acetate test® and (5) preparation of xylulosazone Familiarity with the 
peculiar characteristic behavior of pentose with the copper reducing salts is helptul 
It IS commonly observed that when urine containing pentose is heated over a 
flame with copper salts, reduction does not take place immediately, as it does with 
dextrose However, xylulose will reduce copper salt solutions at room tempera- 
ture This is a valuable confirmatory test Although the reaction will be obtained 
in two to thiee hours or less, it is a practice m some clinical laboratories to allow 
the solution to stand overnight, the leaction being noted the following morning 

Lasker and Enklewitz'^ have also found that a yellow precipitate is formed 
with xylulose in Benedict’s solution at 55 C m ten minutes Furthermore, urine 
containing xylulose retains its reducing powers indefinitely on standing, which is 
not true of urine containing dextrose, since the latter sugar undergoes glycolysis 

If the tests just listed jueld positive reactions and the confirmatory reactions 
with the copper salt solutions are present, it is hardly necessary to attempt to 
obtain the specific osazone 

The daily excretion of pentose usually does not exceed 2 to 4 Gm Occasionally, 
smaller amounts are obtained Sohs-Cohen and Gershenfeld ® reported a case m 
which an elderly man with essential pentosuria had been observed for twenty-seven 
years and at the end of this time was excreting 10 5 Gm of pentose daily What- 
ever the amount excreted, it remains constant for each person wuth small variations 
dependent on the total output of urine for twenty-four hours 

REPORT OF TWO CASES 

Case 1 — Essential pentosuria associated with diabetes mellitus 

L M , a Russian Jew aged 52, was originally seen in the orthopedic clinic of the hospital 
on Dec 1, 1937, complaining of cramps m the calves of the legs, occurring mainly at night 
The blood pressure at this time was 115 systolic and 70 diastolic, measured in millimeters of 
mercury Calcium salts were prescribed, and he was not seen again until Nov 8, 1940, when 
he complained of substernal pain which was increased with exertion His weight was found 
to be 174 pounds (79 Kg ) The blood pressure was 155 systolic and 90 diastolic in millimeters 
of mercury Examination of a specimen of urine at this time yielded the following data 
specific gravity, 1018, sugar, a trace (Benedict’s solution) , acetone, none, and albumin, none 

Microscopic examination of the urine revealed occasional blood cells, both white and red 
The urine was retested with Benedict’s quantitative solution and was found to contain 08 per 
cent sugar The cramps m the calves of the legs were still present Examination of the lower 
extremities failed to reveal any evidence of peripheral vascular disease When the patient was 
examined again, in September 1941, the blood pressure was 160 systolic and 105 diastolic in 
millimeters of mercury and continued at about this level on his subsequent visits to the clinic 
The weight was reduced to 165 pounds (75 Kg ) The patient was seen periodically during 
1941 and complained of frequent attacks of substernal pain lasting ten minutes and associated 
with dyspnea on exertion A specimen of urine tested in December 1941 with Benedict’s 
quantitative solution contained 0 5 per cent sugar The blood pressure at this time was 190 
systolic and 110 diastolic in millimeters of mercury When the patient was seen again, in March 
1942, it was decided to study the urine for the nature of the reducing substance The urine 
was found to contain pentose No dextrose was present m individual or in twenty-four hour 
specimens of urine Samples of blood drawn while the patient was fasting contained 150 mg 
of sugar per hundred cubic centimeters on two occasions Repeated examinations of single 
specimens of urine revealed between 015 and 03 per cent pentose but no dextrose Dextrose 
tolerance curves obtained on two occasions (100 Gm of dextrose fed) were of the diabetic 
type (table 1) 

6 Reiner, M Manual of Clinical Chemistry, New York, Inter science Publishers, Inc, 

1941 

7 Lasker, M , and Enklewitz, M A Simple Method for the Detection and Estimation 
of /-Xyloketose in Urine, J Biol Chem 101 289, 1933 

8 Solis-Cohen, S , and Gershenfeld, L Essential Pentosuria of Twenty-Eight Year’s 
Standing, Am J M Sc 192 610, 1932 
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The sugar found in the urine was not fermented by bakers’ yeast It reduced copper salt 
solutions in two to three hours at room temperature and in ten minutes at 55 C Positive 
reactions with Bial’s reagent and a positive reaction with aniline acetate were obtained with 
every specimen, and xylulosazone was obtained with phenylhydrazme 

Comment — This patient was apparently suffering from mild diabetes meliitus 
but did not experience any of the cardinal s 3 miptoms of the disease At the same 
time, pentose was being excreted in constant amounts persistently in the urine 
and all the criteria for the diagnosis of essential pentosuria were satisfied It is 
of interest that in this case the natuie of the reducing substance m the urine was 
studied before the blood sugar level was obtained If the blood sugar level had 
been obtained first, the patient might have been considered solely to have mild 
diabetes, and investigation of the nature of the urinary sugar might not have been 
undertaken 

Fischer and Reiner ® studied 4 children with essential pentosuria and obtained 
dextrose tolerance and xylose tolerance curves They determined the total blood 
sugar levels , the dextrose ivas then fermented, and the nondextrose reducing sub- 
stances were obtained in this way After xylose was fed, its level in the blood 


Table 1 — Dextrose Toleiauce of a Patient with Diabetes Meliitus and 
Associated Essential Pentosuria (_Case 1) 
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% hour after 
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08 


11^ hours after 

310* 

55 


2VS hours after 

250* 

66 


* All Epewmens of blood contained 20 mg of nonfennentable nondevtrose reduciDgr substances per 
hundred cubic centimeters 


could be determined by noting the increase in the nondextrose reducing substance 
over values obtained on blood drawn while the patient was fasting They found 
that the feeding of dextrose had no effect on the urinary excretion of xylose, while 
the dextrose tolerance curve remained unaltered when xylose w^as fed The total 
nondextrose reducing substances remained the same in the blood of normal persons 
as well as in that of persons with essential pentosuria The nondextrose reducing 
substances in the blood in this case were determined and found to remain constant 
at 20 mg per hundred cubic centimeters in all specimens taken during the determi- 
nation of the dextrose tolerance curve (table 1) Thus the elevation of the blood 
sugar w^as due to the elevation of the dextrose portion of the total sugar and not 
of the nondextrose reducing substances 

Case 2 — Essential pentosuria 

A L, a Russian Jew aged 41, was admitted to the medical clinic on Aug 29, 1941, com- 
plaining of attacks of weakness and faintness lasting a few seconds and occurring for the past 
eight months There had been a loss of 9 pounds (4 Kg) m weight over a hie month period 
Examination failed to reveal any major abnormalities There was a short, rough systolic 
murmur at the apex of the heart The blood pressure was 126 systolic and 78 diastolic measured 
in millimeters of mercurj' The first examination of the urine yielded the following data 

9 Fischer, A E, and Reiner, AI Pentosuria in Children, Am J Dis Child 40 1193 
(Dec ) 1930 
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specific gravity, 1 028, albumin, none, and sugar, present (3 plus) In September 1941 a sample 
of blood drawn while the patient was fasting contained 98 mg of sugar per hundred cubic 
centimeters The dextrose tolerance test (100 Gm of dextrose fed) yielded a high normal curve 
which returned to the fasting level m two hours On the basis of these data a tentative diagnosis 
of renal glycosuria was made The dextrose tolerance test was repeated in June 1942, and the 
curve was found to be entirely normal (table 2) The urine was studied, and the reducing 
substance was proved to be xylulose 

COMMENT 

Essential pentosuria should be suspected when small amounts of a reducing 
substance are found constantly in the urine of a person who has normal blood 
sugar levels and no diabetic symptoms A pentose can be identified by the 
special tests that have been described 

Reactions similar to those obtained with pentose m the urine are also given 
b} glucuronates These substances may be present in small quantities in normal 
urine and may be present in larger amounts after the ingestion of certain drugs, 
such as chloral hydrate, camphor, menthol, oil of turpentine, phenol, acetanilid and 
some alkaloids Glucuronates are usually present in conjugated form, resulting 
from combination of an ingested drug and glucuronic acid Protas noted an 
example of “toxic pentosuria” m a person addicted to morphine When the 


T^ble 2 — Dextiose Toleiaucc of a Patient with Essential Pentosuiia (Case 2) 



Time in Relation to Ingestion of 

Blood Sugar 

Date 

100 6m ot Devtrose 

Mg 1100 Cc 

9/1G/41 

Before (patient fasting) 

115 


ih hour after 

190 


1 hour after 

160 


hours after 

112 


2 hours after 

63 

G/11/4S 

Before (patient fasting) 

no 


Vz hour after 

35S 


1 hour after 

12G 


XVz hours after 

lOG 


2 hours after 

91 


morphine was withdrawn, the pentosuria disappeared It may well have been 
due to glucuronates 

Conjugated glucuronates do not give reactions in all the tests foi pentose Free 
glucuronic acid, on the other hand, gives a reaction in the majority of these tests 
and as a result is almost indistinguishable from pentose, Glucuionic acid is set 
free after prolonged heating or in the presence of the concentrated acids used in 
the Bial and the aniline acetate test 

It IS apparent that conjugated glucuronates or free glucuronic acid will be 
confused with pentose unless careful observation reveals that all the tests do not 
readily yield positive results In addition, the excretion of glucuronates may be 
directly related to the ingestion of a drug and can in this way be controlled 

There are no known symptoms that are considered the direct result of essential 
pentosuria Garrod has said that if the metal-reducing tests were not everyday 
practice in medical work, there would be no symptom by which the existence of 
pentosuria could be suspected Margolis found that some of his patients with 
pentosuria suffered from migraine In the 2 cases presented here the patients 
did not have symptoms of migraine, and there is no mention of migraine in the 
majority of reports of cases of essential pentosuria 

10 Protas, M Pentosuria, South Med & Surg 96 154, 1934 

11 Garrod, A E Inborn Errors of Metabolism, ed 2, London, Milford, 1923 

12 Margolis, J I Chronic Pentosuria and Migraine, Am J M Sc 177 348, 1929 
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Essential Pentosmia and Renal Glycoswia — The diagnosis usually made when 
essential pentosuiia is not lecognized is renal glycosuiia (renal diabetes, or “benign” 
glycosuria) Two of the 3 cases of essential pentosuria repoited by Marble 
weie originally consideied to have been instances of lenal glycosuiia Enklewitz 
and Lasker’-^ repoited the occuirence of essential pentosuiia in twins, one was 
tieated in childhood foi lenal diabetes and the other for “juvenile diabetes ” 
Many other lepoits of cases of essential pentosuiia reveal that the usual diagnosis 
prior to the discovery of the tiue natuie of the sugar was renal diabetes 

In both lenal glycosuiia and essential pentosuria, both of which are laie, the 
excietion of the sugar is constant and is essentially independent of diet In both 
conditions the dextiose toleiance curves are noimal, except in lare instances when 
diabetes melhtus may be associated coincidentally^® The amount of excietion foi 
each individual specimen of mine is usually undei 1 pei cent m essential pentosuria 
and over 1 per cent in renal glycosuiia In both disoiders, the symptoms of 
diabetes aie absent and there is no progression to diabetes melhtus Finally, the 
natuie of the reducing substance is diffeient, and the fei mentation test will indicate 
whether it is dextrose or pentose Jones and Sussman emphasized that m both 
conditions the renal and the pancreatic functions aie normal 

Essential Pentoswia and Diabetes Melhtus — Ever since the original aiticle on 
pentosuiia by Salkowski and Jastrowitz^ in 1892 the question had arisen whether 
there was any relation between essential pentosuiia and diabetes melhtus Gairod 
stated that he consideied essential pentosuiia one of the “inborn 'errors of 
metabolism” along with alkaptonui la, cystinuna, porphyrinuria and congenital 
steatorrhea 

The early hteiatuie on the subiect is confusing Several authors reported 
finding pentosuria frequently m persons with severe diabetes (Kulz and 
Vogel,^” Pedrazzmi and Voit^®) Thus Kulz and VogeM^ weie able to find 
in the urine of some of their patients with severe diabetes, m addition to a gluco- 
sazone, an osazone with the melting point and the nitrogen content of pentosazone 
However, they requiied several liters of urine to obtain a small yield of the sub- 
stance Voit^® admitted the difficulty of separating chemically small amounts of 
pentose from dextrose when both are present m the same specimen of urine He 
reported finding an osazone with the melting point of pentosazone m the urine of 
12 of the 14 patients with severe diabetes AAhom he studied Bendix^®, Joshn 
and associates'^, Enklewitz and Lasker, Blatherwick, one of us (M R ), and 
many others have searched for pentose in the urine of persons with diabetes and 
have been unable to detect it in any constant amount in mildly oi severely diabetic 
persons It is assumed that the substance that was considered a pentose by these 
earlier investigators was probably a glucuronate 


13 Marble, A Chronic Essential Pentosuria, Am J M Sc 183 827, 1932 

14 Enklewitz, M, and Lasker, M Pentosuria m Twins, JAMA 105 958 (Seot 211 

1935 ^ 


15 Curran, J A , and Mills, C A Report of a Case of Renal Diabetes Associated with 
Diabetes Melhtus, J Lab & Clm Med 13 646, 1928 

16 Jones, H W, and Sussman, W Renal Glycosuria and Pentosuria, Am T M Sc 
173 513, 1927 

17 Kulz, E, and Vogel, J Ueber das Vorkommen von Pentosen im Harn bei Diabetes 
Melhtus, Ztschr f Biol 14 185, 1895 

18 Pedrazzim, F La ricerca dei pentosi nelle orine, pentosurie e pseudopentosurie. Gior d 
r Soc ital d’lg 25 241, 1903 

19 Volt, W Ueber das Vorkommen von Pentosen in diabetischen Harnen Ztschr f 

phys u diatet Therap 12 659, 1908-1909 ’ 

20 Bendix, E Ein Fall von Pentosurie, Munchen med Wchnschr 50 1551 1903 

21 Joshn E P R^t, H F , White, P , and Marble, A The Treatment of Diabetes 
Melhtus, ed 7, Philadelphia, Lea & Febiger, 1940 
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There are many individual case leports in the hteratuie concerning patients 
with diabetes mellitus who in the course of their illness were discovered to have 
pentose in the urine intermittently (Kaplan,^- d’Amato and Zlataroff In 
the case reported by Kaplan,®- the excretion of “pentose” was not constant and 
many specimens of urine were free of “pentose” In the case repoited by Rosen- 
bloom,®® "pentose” was encountered on one occasion and lactose was also found 
in the mine In these and other cases the repoits indicate conclusively that the 
substances found were appearing in the urine only intermittently and were not 
proved to be pentose 

Joslin and associates in spite of a careful search for cases of essential pen- 
tosuria have recorded only 9 instances of this disorder In 1 case, the patient 
had occasional blood sugar values slightly above normal and the condition has 
been difficult to classify Other than this questionable case they ha\e not encoun- 
tered any instances of the association of diabetes mellitus and essential pentosuria 
Blatherwick has observed 1 case of this kind, but it has been incompletely 
studied and has not been reported In this case only one specimen of urine had 
been examined, and it was found to contain 2 03 per cent dextrose and 0 16 per 
cent pentose 

The clinical importance of recognizing essential pentosuria has been stressed 
many times before Patients with essential pentosuria require no treatment except 
for the reassurance that they do not have diabetes mellitus They should be told 
the nature of the reducing substance in their urine to facilitate future examinations 
in new locations and acquainting physicians under whose care they may come 
with the diagnosis In addition, when the rare coincidental association of diabetes 
mellitus and essential pentosuria exists, the failure to discover both will result in 
difficulties in treatment The failure to recognize the diabetes mellitus will carry 
along with it the dangers of developing complications common in untreated diabetes 
mellitus of long standing On the other hand, failure to recognize the presence 
of essential pentosuria will cause confusion, as sugar will always be present in the 
urine despite seemingly adequate control with diet and insulin 

The harm that is done to a person who has essential pentosuria and is treated 
lor diabetes mellitus is obvious 

SUMMARY AND CONCLUSIONS 

Two cases of essential pentosuria are presented and discussed 

The coexistence of diabetes mellitus with essential pentosuria was discovered 
m 1 of these cases 

Essential pentosuria and diabetes mellitus are distinct entities and seem to bear 
no relation to each other 

Dr Louis J Soffer assisted us during this investigation 

Mount Sinai Hospital 

1085 Park Avenue 

* ' I 

22 Kaplan, D M Intermittent Pentosuria and Glycosuria, New York M J 84 233, 
1906 
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25 Rosenbloom, J Report of a Case of Diabetes Mellitus Complicated by Occasional 
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26 Blatherwick, N R Personal communication to the author 
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All physicians who treat diabetes melhtus have long been inteiested in the 
perfecting of some type of delayed action insulin which would adequately control 
the level of sugar in the blood when injected once in each twenty-four hours It 
was hoped that protamine zinc insulin, intioduced in 1936 by Hagedorn and his 
associates ^ would be the answer to the problem of a depot of insulin However, 
further experience with this type of insulin revealed that a single injection in 
each twenty-four hours was incapable of giving satisfactory control of the blood 
sugar in many cases of severe diabetes In such cases it was often not possible 
to gne sufficient protamine zinc insulin to control postprandial hyperglycemia 
during the day without producing nocturnal insulin reactions Consequently, most 
authors have agreed that for satisfactory control of seveie diabetes melhtus prot- 
amine zinc insulin must be supplemented by unmodified insulin ^ In this scheme 
of treatment, the protamine zinc insulin is said to supply the patient’s basal require- 
ments, that IS, the requirements for his endogenous carbohydrate metabolism ® 
Unmodified insulin is given during the day to supply the additional need arising 
from the ingestion of food (exogenous requirement) 

The exact time and the manner of the administration of supplementary unmodi- 
fied insulin have not been generally agreed on Some authorities ^ prefer that 
the unmodified insulin be given m a separate injection However, the convenience 
to the patient of a single injection each day has led to recommendation by seveial 
authois that the two insulins be injected together 

The use of such mixtures was first proposed by Lawrence and Aitken,® in 
1938 In 1939 Lawrence ® outlined a method of mixing the two types in the same 
syringe Included in his report are the results of a series of deteimmations of 

* Fellow in Medicine, Mayo Foundation 

From the Division of Medicine, Mayo Clime 

1 Hagedorn, H C , Jensen, B N , Krarup, N B , and Wodstrup, I Protamine 
Insulinate, J A M A 106 177-180 (Jan 18) 1936 
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the blood sugar of diabetic patients made at definite intervals aftei the injection of 
various mixtures Hou^ever, he did not hazaid an opinion as to hou much of the 
unmodified insulin entered into combination with the excess of protamine In 
commercial pieparations of piotamme zinc insulin, the excess of protamine has 
been variously estimated to be from 40 to 50 per cent More extensive studies of 
the eftect on the level of sugar in the blood have been made by Wauchope,^ Ulrich ' 
and Colwell ® 

Wauchope pointed out that the eftect of a combination of the two types of 
insulin was modified not only by the degree of their mixing but also by the rela- 
tive proportions in which they were mixed, the total number of units injected, 
the final hydrogen ion concentration of the mixtme and the reaction of the patient’s 
tissues to the mixture Although he agreed that injecting the two insulins together 
would give adequate control of the blood sugar for the next twenty-foui houis, he 
stated that in his expeiience larger total doses of insulin were required when the 
two were given together than when they weie given separately 

Ulrich studied the eftect on blood sugar of administering various mixtures of 
protamine zinc and unmodified insulins to diabetic patients rvho were eithei fast- 
ing or eating then usual diets, at various intervals after the injections He con- 
cluded that m such a mixture the unmodified insulin was precipitated along with 
the protamine since a hypoglycemic effect was not obtained when the mixture ivas 
centiifuged and the supernatant fluid injected into, a patient known to be insulin 
sensitive However, since the injection of the mixture resulted in a much moie 
lapid hypoglycemic effect than did the injection of the same total dose of protamine 
zinc insulin alone, he expressed the belief that the unmodified insulin had not 
entered into chemical combination with the excess of protamine to form protamine 
insulmate He suggested that the hydiogen ion concentration of the acid solu- 
tion of unmodified insulin w'as changed by the alkaline solution of piotamme zinc 
insulin to near the isoelectric point of insulin, then the unmodified insulin pre- 
cipitated along with the protamine zinc insulin In his experience the injection 
of the mixtures of piotamme zinc and unmodified insulin resulted in satisfactory 
control of the level of blood sugar A mixtme of 3 paits of the unmodified insulin 
with 2 parts of the protamine zinc insulin ivas, he lepoited, an optimal mixture 

Extensive experiments with the injection of mixtures of protamine zinc and 
unmodified insulins are at present being carried out by Colwell, of Evanston, 111 
In a personal communication to one of us (E H R ) he stated that mixtures of 
this type had effects on the blood sugar curves of diabetic patients which w'ere 
intermediate between those of the two components of the mixtures In his experi- 
ence, satisfactory lesults were obtained wdien the mixture contained as much as 
4 parts of unmodified insulin to each part of protamine zinc insulin He raised 
the question whether or not these mixtures might have undergone a change due 
to the altered hydrogen ion concentration of the solution with formation of a new 
compound which had a different physiologic activity, possibly similar to that of 
solutions of soluble protamine insulin or globin insulin 

At the Mayo Clinic we have been using mixtures of the two types of insulin 
in the routine treatment of severe diabetes since Lawience® published his obser- 
vations In oui experience this method of treatment has proved satisfactory for 
a large proportion of diabetic patients However, there are still cases m which 
adequate control of the diabetes has been difficult or impossible with this method 

7 Ulrich, H Clinical Experiments with Mixtures of Standard and Protamine Zinc 
insulin, Ann Int Med 14 1166-1179 (Jan) 1941 

8 Colwell, A R Personal communication to the authors 
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Furtlieimore, the question of which scheme of adjusting the amounts of each type 
of insulin gives the best results has not yet been answeied Masteis stated 
“The so-called ‘educated guess’ based on expeiience in handling a laige diabetic 
seivice lemains the most satisfactory solution to the pioblem of gauging insulin 
dosage ” An “educated guess,” however, can hardly solve the problem of the 
diabetic patient who daily must adjust his own dosage of insulin, nor can it seive 
the needs of the average physician who lacks the opportunity of becoming so adept 
Since vaiiations in the daily requiiement of insulin in severe diabetes necessitate 
daily adjustment in dosage, we have attempted to devise some scheme for making 
these adjustments None of the methods of adjustment which we have employed 
thus fai has been entiiely satisfactory For this reason we have studied the effects 
on diabetic patients of injecting various mixtures Our investigations were ear- 
ned out along the lines suggested by the work of Uliich, Wauchope and Colwell 
In this paper we wish to make a preliminary report of our work, which as yet is 
limited 

CONDITIONS OF STUDY AND PROCEDURES 


The scheme of treatment used in our studies conformed as closely as possible to that 
employed in the usual care of diabetic patients at the clinic 

Our observations were made on 2 young women who had severe diabetes Each had been 
under our observation throughout most of the course of her illness Neither presented any 
complications which might interfere with the interpretation of our results, and both consented 
to the special study 

These patients were admitted to our nutritional ward for a preliminary period of stabili- 
zation, lasting ten days in each instance, before the study was begun They were placed on 
standard diabetic diets, the caloric content of which was determined by calculations based 
on their age, height and ideal weight from tables which had been prepared by Boothby and 
Berkson o The total daily allowance of food was divided into three meals of ordinary size, 
given at 8 a m , 12 noon and 5pm, and one small feeding at 9 p m All of the food was 
weighed and prepared in the kitchen attached to the nutritional ward The mineral content 
of each of the menus was known, and since these were rotated every three days, we believe 
that a reasonably constant mineral balance was maintained throughout the period of obser- 
vation The sodium chloride content of the diet was maintained at approximately 10 Gm 
daily, 5 or 6 Gm was contained in the food, and 4 or 5 Gm was given in a saltcellar to 
be added to the food as the patient desired The total daily allowance of fluid was kept at 
2,000 cc The intake and the output of fluids in each case were measured each day, and a 
satisfactory fluid balance was found to be maintained 

The patients were ambulatory and were encouraged to engage in activities similar to those 
which they ordinarily performed at home No medication other than insulin was given to 
either patient Both remained in good spirits and excellent health throughout the period 
of observation 

Each day four single specimens of urine, obtained at 6a m,lla m,4p m and 9pm 
were analyzed qualitatively for sugar In addition, each twenty-four hour specimen of urine 
was analyzed quantitatively for dextrose 


The mixtures of the two types of insulin were given half an hour before breakfast unless 
otherwise specified The site of injection was changed each day In drawing the insulin 
into the syringe, the unmodified insulin was taken in first, the protamine zinc insulin second 
No particular attempt was made to mix the two insulins more thoroughly since it had not 
been our custom to do so in the past Both types of insulin were used in the strength of 
80 units per 1 cc Since we used protamine zinc insulin from one lot for the whole study 
we believe that the excess of protamine per unit of protamine zinc insulin in each mixture 
injected was approximately the same amount 

The dosage of insulin was adjusted during the preliminary period of observation 
accordance with the rules outlined by Wilder lo Briefly, the dose of protamine zinc insulin 
was determined by an analysis of the urine made at 6 a m and the dose of unmodified 
insulin by an analysis made at 4 p m In each instance the dose of insulin was reduced 
when the rea ction was 0 or grade l+, was left the same when the reaction was grade 2+ 


9 Boothby, W M , and Berkson, J , cited by Wilder lo 
Corpa^im^ “ ^ W B Sanders 
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and was increased after a reaction of grade 3 to 4+ No supplementary doses of insulin 
were given during the day By this method we were able to arrive at a reasonably constant 
total dose of insulin which would be satisfactory for each patient The figure for this dose 
having been obtained in each instance, it was possible arbitrarily to give the total dose in 
various mixtures representing a senes of ratios of protamine zinc to unmodified insulin 
Changes in these ratios were made every fourth day The concentrations of blood sugar 
were determined in series on the third day of administration of each ratio By placing this 
interval between each senes of determinations we hoped to eliminate the influence on the 
level of the blood sugar of the protamine zinc insulin m the preceding dosage 

The method used in determining the level of the blood sugar on the days selected was as 
follows Samples of capillary blood were taken half an hour preceding and one hour following 
each meal, and twenty-four hours after the injection of the mixture being studied The dextrose 
content of the blood samples was determined by a micromethod We have plotted the blood 
sugar levels obtained in this manner as curves in order to compare the results of all observa- 
tions Such a series will be referred to hereafter in this paper as a “blood sugar curve ” This 
IS to be distinguished from the usual curve obtained from the sugar tolerance test Occasionallv, 
in order to determine the average trend of the blood sugar level from several series of deter- 
minations, the values which form the basis of several curves have been averaged and plotted 
These average values and the resultant curve will be referred to as the “mean” curve hereafter 
m this paper 

RATIO or PROTAMINE ZINC INSULIN TO UNMODIFIED 
INSULIN USED IN 100 CASES 

As a preliminaiy to consideration of the results obtained m our special stud> 
of 2 patients, we should like to include the results of a study of the dosage of 

Ratio of Piotaimnc Zinc Insulin to Unmodified Insulin m the Total Dose of 
One Hundied Diabetic Patients 


Total Daily Dose 



Less Than 20 Units 

. - 

20 40 Units 

40 or More Units 

Entire Group 

Ratio • 

Cases 

Per Cent 

Oases 

Per Cent ’ 

Cases 

Per Cent 

Cases 

Per Cent 

1 1 

23 

05 7 

4 

85 



27 

27 

1 2 

3 

80 

14 

298 

8 

44 4 

25 

25 

1 3 



13 

27 0 

5 

27 8 

18 

IS 

1 1 



2 

4 3 



2 

2 

1 5 



1 

2 1 



1 

1 

1 G 



1 

21 



1 

1 

2 3 

9 

25 7 

10 

213 

O 

11 1 

21 

21 

2 5 



2 

43 

2 

11 1 

4 

4 

4 5 





1 

5 0 

1 

1 

Total 

35 

ICO 

47 

100 

18 

100 

100 

100 


* Ratio of protamine zinc insulin to unmodified insulin 


insulin in 100 cases of diabetes taken at random fiom the files The disease in 
these cases was severe enough to require the administration of a mixture of both 
types of insulin We were interested in discovering which ratio or ratios weie 
most often arrived at in these cases when satisfactory control was obtained 

The results of this preliminary study are summarized in the accompanying table 
If a total of less than 20 units of insulin was required daily, the commonest ratio 
observed was that of 1 part protamine zinc insulin to 1 part of unmodified insulin , 
if a total of 20 to 40 units was required, the most frequently encountered ratios 
were 1 2, 1 3 and 2 3 , if a total of 40 or more units was required, ratios of 
protamine zinc insulin to unmodified insulin of 1 2 and 1 3 were most common 
If then the entire senes was taken together as a group, with the amounts of insulin 
required in each case being disregarded, the numbers of cases in which the diabetes 
was controlled satisfactorily with mixtures representing ratios of the protamine 
^zinc insulin to unmodified insulin of 1 1, 1 2, 1 3 and 2 3 were approximately 
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Thus it appeals that theie is no optimal ratio of the two types of insulin which 
IS automatically ai rived at by the method of adjustment of insulin dosage which 
we have been using However, latios of the protamine zinc insulin to the unmodi- 
fied insulin of 1 2, 1 3 or 2 3 apparently come neaiest to an ideal mixture 

RESULTS 

Case 1 — The patient was an unmarried woman aged 19 years, whose diabetes had developed 
in 1932 after an attack of acute pharyngitis A paternal aunt and uncle and one brother also 
had diabetes The patient herself had been under a dietary and insulin regimen since the onset 
of her diabetes but had been repeatedly in trouble because of frequent acute infectious diseases 
and frequent lapses in the management of her diabetes On four occasions, the last one in 
1940, she had been in severe acidosis , twice the acidosis was so severe that it produced coma 
At the time of her admission to the nutritional ward, in November 1941, she was 62 inches 
(152 cm ) in height and weighed 139 pounds (63 kg ) General physical examination, examina- 
tion of the ocular fundi and routine laboratory studies, including a roentgen study of the 
thorax and a flocculation test of the blood, revealed nothing of significance 



Chart 1 (case 1) — Comparison of mean curves obtained on administering the two types of 
insulin in one syringe (combined dose) and on administering each type at a separate site 
(separate dose) 


Because the patient weighed 21 pounds (9 5 kg ) more than her ideal weight, a diet of only 
40 per cent more than her basal caloric requirements was prescribed On this diet her weight 
was maintained throughout the period of observations During the period of preliminary study 
It was determined that her daily requirement of insulin was approximately 80 units 

Fifteen blood sugar curves were obtained in this case During the first part of our study 
we obtained blood sugar curves after the administration of mixtures of protamine zinc insulin and 
unmodified insulin in various ratios as follows 1 5, 1 4, 1 3, 1 2, 1 1, 2 5 and 2 3, in the 
order named The patient then was allowed a few days of rest In the second part* of the 
study, blood sugar curves were obtained after the administration of mixtures of the protamine 
zinc insulin to unmodified insulin in the ratios of 1 0 (protamine zinc alone), 1 1, 1 2 1 3 
and 1 4, in that order In the third part of our study we obtained blood sugar curves 'after 
the injection of protamine zinc and unmodified insulins in ratios of 1 1, 1 2 and 13m 
separate sites Finally a blood sugar curve was obtained after the administration of a suitable 
mixture one hour instead of half an hour before breakfast 

The “mean” curve calculated from the values for blood sugar m the various blood sugar 
curves obtained after the injection of mixtures of protamine zinc insulin and unmodified insulin 
in the ratios of 1 2, 1 3, 1 4, 2 3 and 2 5 is shown in chart 1 This curve shows the essen- 
tial features of the pattern of blood sugar which resulted from the injection of mixtures repre- 
senting what we may call “intermediate ratios” With one exception, satisfactory control of 
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the level of sugar in the blood was maintained throughout the twenty-four hours by the injection 
of these mixtures, that is, postprandial hyperglycemia tvas not excessive, and the fasting blood 
sugar levels were within the range of adequate control The one exception to the good 
control was after the morning meal All of the curves show this midmorning hyperglycemia, 
which presumably was due to a lag in the blood sugar-lowering effect of the mixtures This 
finding coincides with the observation frequently made in cases in which the injection, of the 
mixture fails to prevent hyperglycemia and heavy glycosuria at 11 a m, even though both 
were under good control at 6 a m and 4pm Ulrich observed this same phenomenon 
E\idently, mixing the two insulins resulted m a lessening of the rapidity with which the 
unmodified insulin begins to exert its hypoglycemic effect However, we do not believe that this 
dowing of the immediate hypoglycemic effect of the insulin in the mixtures constitutes a 
serious objection to their use, since the glycemic levels throughout most of the twenty-four 
hour period following the injection of the mixtures were within reasonable limits and the 
total excretion of dextrose was usually less than 20 Gm 

For comparison we have included in chart 1 a similar “mean” curve representing the mean 
\alues of blood sugar from three series of determinations obtained after the injection of the 



Chart 2 (case 1) — Comparison of blood sugar curves obtained after the administration of 
a total dose of protamine zinc insulin alone and mixtures of equal parts of the two types of 
insulin 


two insulins in separate sites The ratios of the amounts of protamine zinc insulin and 
unmodified insulin represented in these curves were 1 1, 1 2 and 1 3 The second “mean” 
curve shows striking differences from the first "mean” curve, representing the effect of injec- 
tion of the mixtures It may be seen that the injection of the unmodified insulin in a separate 
site not only prevented the midmorning occurrence of hyperglycemia but also produced a 
rapid fall in the level of sugar in the blood shortly thereafter However, during the latter 
part of the twenty-four hour curve the level of the blood sugar rose considerably higher than 
It did m the comparable period which followed the administration of the mixtures This 
finding probably indicates that in the mixtures some of the unmodified insulin entered into 
combination with the excess protamine to form protamine insulin, thus the mixture contained 
relatively more protamine zinc insulin than would a similar total dose of insulin m which the 
protamine and unmodified components were given separately 

A curve of blood sugar obtained following the injection of the total dose as protamine zinc 
insulin alone is compared graphically in chart 2 with two curves obtained after the injection 
of mixtures of equal parts of protamine zinc and unmodified insulins All three curves were 
similar , that is, with protamine zinc insulin alone or with a mixture of protamine zinc insulin 
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and unmodified insulin m the ratio of 1 1, control of the level ot sugai in the blood was 
adequate in the fasting state but inadequate when the subject was allowed to eat Maiked 
postprandial hyperglycemia is characteristic of the effects of both types ot insulin Because ot 
this similarity we believe that in mixtures of equal paits ot piotamine zinc and unmodified 
insulins the latter type of insulin must have enteied foi the most pait into combination with 
the excess protamine, so that little unmodified insulin remains It is obvious, theietore, that 
the patient gams little by the use of mixtures ot equal paits ot piotamine zinc and unmodified 
insulins over the result from the use of the same total dose ot protamine zinc insulin alone 
On comparison of the curve obtained after the injection ot equal paits ot the two types of 
insulin in a mixture and a curve obtained after the administiation ot a mixtuie ot 1 pait ot 
protamine zinc insulin and 5 parts of unmodified insulin a maiked dififeience is found (chait 31 
Whereas little immediate hypoglycemic or unmodified insulin effect is evident m the first 
curve, m the second curve the rapid decrease in the level ot sugai m the blood occuis alter 
the administration of insulin This result would be expected aftei the injection ot a lelatneh 
large dose of unmodified insulin We have interpreted this result to indicate that in a mixtuie 
in which the amount of unmodified insulin is much larger than the amount ot piotamine zinc 
insulin, only a small proportion of the unmodified insulin enteis into combination with the 
extra protamine, an excess of unmodified insulin, therefore is left to pioduce a maiked 
immediate hypoglycemic effect It should be noted, however, that despite the excess ot unmodi- 



Chart 3 (case 1) — Comparison of curves obtained following injection of mixtures of insulin- 
in which the ratio of protamine zinc insulin to unmodified insulin was either 1 1 or 1 5 

fied insulin in this mixture the characteristic “lag” in hypoglycemic effect in the midmorning 
period is still evident Perhaps the presence of the protamine modifies the activity of the 
unmodified insulin even though the two insulins in combination did not 

The “mean” curve representing the results of the injection of the two types in the various 
intermediate ratios half an hour before breakfast is compared with the results obtained after 
the administration of a suitable mixture one hour before breakfast in chart 4 We were 
interested in determining whether or not a more satisfactory control of the level of blood 
sugar could be obtained by giving the insulin long enough before the morning meal to elim- 
inate the midmorning lag in blood sugar-lowering effect As may be seen in chart 4, injecting 
the mixture earlier in the morning did eliminate the midmommg hyperglycemia, presumably 
because sufficient time elapsed between the injection of the insulin and the ingestion of food 
to permit the hypoglycemic effect of the insulin to begin before the ingestion of food started 
to elevate the blood sugar However, in this case the remainder of the blood sugar curve 
obtained following this earlier injection did not show as smooth control of the glycemic level 
as did curves obtained following the injection of the insulin half an hour before breakfast 

Case 2— Our second subject was an unmarried woman 21 years of age, whose diabetes 
had begun abruptly one year before her entry into the nutritional ward During that time her 
diabetes had been well controlled by a standard diabetic diet and one daily injection of a 
mixture of protamine zinc and unmodified insulins 
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On admission to the nutritional ward in January 1942 the patient weighed 122 pounds 
(55 5 Kg ) and was 66 inches (167 cm ) in height General physical examination, examination 
of the ocular fundi and routine laboratory studies, including a roentgen study of the thorax and 
a flocculation test of the blood, revealed nothing of signfificance Because her weight was 
approximately normal, a diet of 50 per cent more than her basal caloric requirements was 



Chart 4 (case 1) — Comparison of blood sugar curves obtained after iinecting mixtures 
of the two types of insulin one hour and half an hour before breakfast 



Chart 5 (case 2) — Six blood sugar curves The curve labeled “combined” is the mean 
curve, the method of obtaining the mean curve and descriptions of the other curves are given 
in the text 

prescribed During the first ten days of observation it was found that her daily insulin require- 
ment was approximately 70 units 

Six blood sugar curves were obtained in this case These are all represented in chart 2 
The first curve is a “mean” curve calculated from three individual curves obtained after the 
injection of insulin mixtures in which the ratios of the protamine zinc insulin to the unmodified 
insulin were 1 2, 1 3 and 1 4, respectively In nearly all respects, this mean curve of the 
level of sugar in the blood, in chart 2, is similar to the mean curve which w'e have already 
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presented for case 1 In this case, as m case 1, control of the level of sugar in the blood by 
the injection of various mixtures of the two types of insulin was good throughout most of 
the twenty-four hour period, with the exception of the period between the morning and 
noon meals 

The curves with dosage ratios of 1 1 and 1 0 in chart 5 indicate the similarity between 
an injection of a mixture of equal parts of protamine zinc and unmodified insulin and a single 
injection of protamine zinc insulin alone in> effect on the blood sugar level throughout the 
twenty-four hours following their injection 

The curve in chart 5 with the ratio of 1 5 for the two t 3 fpes of insulin indicates that the 
injection of a mixture of insulins m this ratio produced the same effect on the level of sugar 
in the blood in case 2 as it did in case 1 This mixture of 5 parts of unmodified insulin to 
1 part of protamine zinc insulin resulted in a predominantly rapid hypoglycemic or unmodified 
insulin effect 

COMMENT 

Although our studies have been limited, we believe that our results so far 
warrant at least certain tentative deductions 

On the whole, mixtures of piotamme zinc insulin and unmodified insulin have 
been shown to be capable of controlling to a satisfactory degree the levels of sugar 
in the blood of diabetic patients throughout the twenty-four hour period following 
their injection With the exception of the period after breakfast, postprandial 
elevations of the blood sugar were minimal We feel that the lag in the immediate 
hypoglycemic effect of the mixtures does not constitute a serious objection to their 
use 111 cases of severe diabetes 

We have not been able to demonstrate that any one latio of the protamine zinc 
insulin to unmodified insulin gave an optimal effect m the 2 cases studied, nor 
were we able to find an ideal mixture m a study of ratios such as seemed to obtain 
in the 100 cases of diabetes in which the two insulins were given in a single injec- 
tion However, ratios of protamine zinc insulin to unmodified insulin which lay 
between the two extremes of 1 1 and 1 5 gave the most satisfactory contiol in 
most instances , that is, mixtures in which the ratios of protamine zinc insulin to 
unmodified insulin were 1 2, 1 3, 1 4, 2 3 and 2 5 were capable of adequate 
control of the blood sugar during the twenty-four hours after their injection The 
use of a mixture of equal parts of the two insulins resulted in blood sugar curves 
very similar to those obtained when the dose consisted of protamine zinc insulin 
alone In such a mixture, we believe, most of the unmodified insulin was in com- 
bination with the excess protamine On the other hand, a mixture of 1 part of 
protamine zinc insulin to 5 parts of unmodified insulin resulted in a marked 
immediate hypoglycemic effect such as might be expected to follow the injection 
of a large dose of unmodified insulin alone Evidently in such a mixture most of 
the unmodified insulin remained uncombined 

We did not find that injection of the two types of insulins at separate sites gave 
as satisfactory control of the blood sugar level in the subsequent twenty-four hours 
as their injection together Following their injection in separate sites, a marked 
immediate hypoglycemic effect was obtained, but smooth control of the level of the 
blood sugar during the remainder of the day and especially overnight did not result 
Finally, we tried to eliminate the midmorning lag in hypoglycemic effect of the 
mixtures of the two insulins by injection of the dose of insulin one hour instead of 
half an hour before breakfast Although this method eliminated the lag, it did not 
result in smoother control of the blood sugar during the remainder of the twenty- 
foui hours 
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An attempt at neutralization of the acid gastric juice is one of the basic purposes 
common to most of the conventional methods of treatment of peptic ulcer In 
order to secuie more effective neutralization it has become rather universal practice 
to employ any of several antacid medications, all of which have been extolled for 
then peculiai virtues and each of which has its own group of proponents Alkaline 
substances continue to succeed one another in favor, largely as their several 
advocates are able to demonstrate a greatei degiee of reduction or a more pro- 
longed reduction of acidity m the stomach 

The concerted efforts directed toward modification of gastric acidity are 
natural outgrowths of the emphasis which has been laid on the acid factor in 
ulcer It is surprising, however, that so much attention has been given to gastric 
acidity when the vast majority of the ulcers encountered clinically are situated 
not in the stomach but in the first part of the duodenum If acidity is really an 
important factor in duodenal ulcer, then the acidity and neutralizing ability at 
the actual site of the ulcer and not those in the stomach should be ascertained 
Similarly, if antacid therapy is really beneficial in the management of duodenal 
ulcer because of reduction of acidity, then the changes produced by antacids m 
the acidity and neutralizing ability at the actual site of the ulcer rather than in the 
stomach should be determined 

Our purpose in this study was to observe the simultaneous effects of some 
of the commonly employed antacids on the reaction and neutralizing ability in the 
pyloric antrum and in the duodenal bulb in a group of patients with chronic 
duodenal ulcer In our opinion, antacid therapy for duodenal ulcer can be properly 
evaluated from the standpoint of changes in acidity only by observations made 
directly at the locale of the ulcer — only by observations, in other words, of the 
m situ effects 

MATERIAL 

A group of 17 patients (13 men and 4 women) ranging m age from 26 to 59 years were 
selected from the outpatient gastrointestinal disease clinic of the Jefferson Hospital All of 
them either were complaining at the time of symptoms attributable to an ulcer or had been 
sjmptom free for a very short period A number had had previous episodes of bleeding, and 
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all of them had definite roentgenologic evidence of a nonobstructive duodenal ulcer In the 
few instances in which it had been done, gastroscopic examination revealed an essentially 
normal gastric mucosa 

METHOD 

Each patient appeared in the morning before breakfast and after a twelve hour fast A 
specially constructed double lumen tube was employed also and a procedure followed which 
allowed more or less constant fluoroscopic contiol and also permitted the making of roent- 
genograms providing proof of the position of the tube ^ Material was simultaneously aspi- 
rated from the pyloric antrum and from the duodenal cap at intervals of ten minutes Spe- 
cimens were collected for one-half hour while the subject was m the fasting state and for 
two hours after his ingestion of an Ewald meal, consisting of two pieces of diy toast or 
stale bread and 250 cc of tap water Immediately after the withdrawal of the specimens 
at the thirty minute postprandial interval each patient was given by mouth either 15 cc of 
a preparation of aluminum hydroxide gel - plus 15 cc of tap water or 10 grains (0 6 Gm ) of 
sodium bicarbonate and 30 grams (2 Gm ) of calcium carbonate (Sippy powder) plus 15 cc 
of tap water 

The o^f each specimen was determined at once by means of a Leeds-Northrup pn indi- 
cator, which uses a glass electrode After filtration the free and the total acidity of each 
specimen were estimated, with Topfer’s reagent and phenolphthalein as the respective color 
indicators ^ For each duodenal specimen, m addition, there was determined what was called 
the excess neutralizing ability ^ This is expressed as the amount of tenth-normal hydro- 
chloric acid necessary to lower the pa to the point at which Topfer’s reagent indicated a 
positive reaction for free acid ^ 

The patients were divided into two groups One patient served as a subject in both 
groups, making a total of 9 patients m each On one group (7 men and 2 women) 19 
experiments were performed with aluminum hydroxide gel, while on the other 7 men and 
2 women 19 experiments were performed with Sippy powder The 38 experiments so 
performed involved 3,703 separate determinations The latter included 1,003 readings of pn, 
1,084 estimations of free acid, 1,084 estimations of total acidity and 532 determinations of 
excess neutralizing ability of the duodenal contents In expressing the results, the 4 read- 
ings made with the subject m the fasting state were averaged to give a single value 

ItESULTS 

In the accompanying figures (1 to 8 inclusive) there are shown the cuives 
obtained by plotting the average values observed with the use of the antacids 
aluminum hydroxide gel and Sippy powder The curves of the controls, which 
are presented foi comparison, represent the average values obtained for a group 
of patients with duodenal ulcer who had been fed the same Ewald meal and studied 
in a similar fashion but had not received any antacid ^ Included among the 

controls are 12 of the 17 patients who comprise the series receiving an antacid, 

an attempt purposely being made to obtain studies on as many of the control 
patients as possible in order to insure a fairer comparison Of such patients, 
a few who had had active symptoms when the control observations were made 
were symptom free at the time of the experiments with the antacid Inasmuch as 
our primary interest lay in observing the effects of orally administered alkaline 

1 Berk, J E , Rehfuss, M E , and Thomas, J E A Method for the Simultaneous 
Aspiration of the Contents of the Stomach and the First Part of the Duodenum, TAMA 
119 259 (May 16) 1942 

2 The preparation used was amphojel (John Wyeth & Brother, Inc) 

3 Berk, J E , Thomas, J E, and Rehfuss, M E Limitations in the Use of Color 

Indicator m Gastric Analysis, Am J Digest Dis 9 106, 1942 

4 Berk, J E , Thomas, J E, and Rehfuss, M E (o) The Reaction and Neutralizing 
Ability of the Contents of the Pyloric Antrum and First Part of the Duodenum m Normal 
Dogs Following an Ewald Meal, Am J Physiol 136 157, 1942, (6) footnote 3 

5 Berk, J E , Rehfuss, M E , and Thomas, J E The Effect of Ulcer on the Reaction 
and Neutralizing Ability in the Duodenal Bulb, Arch Int Med 70 959 (Dec ) 1942 
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substances on gastiic and duodenal acidity, we did not feel that the subsidence of 
active symptoms in these patients impaired the validity of the comparisons of 
acidities determined before and aftei ingestion of an antacid, because it has been 
fairly well established that no essential change occurs in the degiee of gastric 
acidity with healing of a duodenal ulcer® The close adherence of the control 
and the antacid curves to each other in the period prior to the administration of 
the respective antacids (figs 1, 3, 5 and 7) may be taken as support for this 
assumption 

Aadtty rn pn Units (figs 1 and 2) — Stomach The two antacids caused 
decreases in average hydrogen ion concentration of equal duration, although the 
magnitude of the decrease was greater with Sippy powder than with aluminum 



Fig 1 — Average acidity in pn units of samples collected simultaneously from just above 
and just below the pylorus before and after the administration of an antacid The dotted 
line represents values for patients who received aluminum hydroxide gel , the heavy unbroken 
line, for patients who received Sippy powder, and the light unbroken line, for patients who 
did not receive an antacid (controls) 


6 (a) Bloomfield, A L, and French, L R Basal Gastric Secretion in Cases 
Ulcer Relation of Acidity to Healing of Ulcer, J Chn Investigation 17 667, 19^ (o) 

Bockus, H L , Glassmire, C , and Bank, J Fractional Gastric Analysis in Two Hundred 
Cases of Duodenal Ulcer, Am J Surg 12 6, 1931 (c) Brown, CFG, and Dolkart, 

R E Gastric Acid During Recurrences and Remissions of Duodenal Ulcer, Arch Int 
Med 60 680 (Oct) 1937 (d) Hurst, A F, and Venables, J F The True Incidence ot 
Hyperchlorhydria m Gastric and Duodenal Ulcer, Guy’s Hosp Rep 79 249, 1929 (e) Sand- 

weiss, D J , Sugarman, M H , Friedman, M H F , Saltzstein, H C , and F^bman, 
A A The Effect of Urine Extracts on Peptic Ulcer An Experimental and Clinical 
Study, Am J Digest Dis 8 371, 1941 
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hydroxide gel Neither antacid, however, was eminently successful in causing any 
prolonged elevation of aveiage p-n above 3 5, the value which we had adopted as 
the critical one for free acid® With Sippy powder the foity, fifty and sixty 
minute determinations v^ere m excess of />h 3 5 and hence negative for free acid , 
with aluminum hydroxide gel only the fifty minute determination exceeded this 
value (fig 1) 

The contrast in effects on gastric hydrogen ion concentration was more favor- 
ably seen in the frequency distribution of the observations made in the period 
after administration of the antacid (fig 2) Not one of the control values exceeded 
/)h 3 5 , m fact all of them were 3 0 or less On the other hand, 101 per cent 
of the readings following ingestion of aluminum hydroxide gel and 31 1 per cent of 
those following ingestion of Sippy powder were gi eater than 3 5 



Fig 2 — Frequency distribution of observations of pa of samples collected simultaneously 
from just above and just below the pylorus after the administration of an antacid and in control 
experiments during the corresponding period Values for patients receiving aluminum hydroxide 
gel are represented by solid bars , for patients receiving Sippy powder by bars with cross hatch- 
ing, and for patients not receiving an antacid, by white bars 

No secondary rise in gastric hydrogen ion concentration occurred with either 
antacid during the period of observation 

Duodenum The control patients displayed an ineffective neutralizing ability 
in their duodenal bulbs at the forty, fifty and sixty minute readings (inability to 
neutralize gastric free acid as evidenced by an inability to maintain a /ih of 3 5 or 
greater) Aluminum hydroxide gel corrected this defect to some extent, in that 
only the forty minute determination showed ineffective neutralization , otherwise, the 
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general effect on duodenal pu \\as slight Sippy powder acted more piomptly 
and produced a higher peak level of aA^eiage duodenal pu, this was laigely offset, 
howevei, by a secondary increase in hydiogen ion concentration, which was so 
great that ineffective neutiahzation (pn of 3 5 or less) chaiacteiized the last half- 
hour of the observation period (fig 1) 

The general ineffectiveness of these antacids in the duodenum is well shown 
in the frequency distribution of the observations (fig 2) The contents of the first 
part of the duodenum in the specially noted postantacid phase contained free acid 
(pH 3 5 or less) m 57 7 per cent of the control observations and m 40 6 per cent 
of the observations following use of Sippy powder and m 43 4 per cent of those 
following use of aluminum hydroxide gel — differences of questionable significance 



z 



Fig 3 — Average free acid as determined on samples collected simultaneously from just 
above and just below the pylorus before and after the administration of an antacid See the 
legend for figure 1 for an explanation of the curves 

The graphic average curves of pH m the stomach and duodenum following 
administration of an antacid bore a rough resemblance to each other An exact 
parallelism, however, was not discerned, and in the last half-hour of the observa- 
tion period the duodenal curves were distinctly of different pattern than their 
respective gastric homologues (fig 1) Of special note, too, was the exhibition of 
a secondary rise in duodenal acidity with Sippy powder m the absence of such a 
phenomenon in the stomach These discrepancies are worthy of emphasis, foi 
they illustrate an inability to accept observations of gastric behavior as accurate 
indexes of the corresponding effects on acidity in the first part of the duodenum 
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Fi ee Acid (figs 3 and 4) —Stomach Even though a complete achlorhydria 
was obtained at a single interval reading only (fifty minutes), a diminution of the 
average values of free acid in the gastric juice was obtained This was of about 
equal magnitude and duration with the two antacids (fig 3) All of the control 
specimens contained some titratable free acid, whereas 37 per cent of the specimens 
studied after ingestion of Sippy powder and 35 3 per cent of those examined after 
ingestion of aluminum hydroxide gel were colonmetrically negative for free acid 
Both these percentages are greater than was indicated by the corresponding gastric 
values (fig 2) This is not surprising, however, for, as we have pointed out,® 
with our technic the filtration and dilution of the specimens preparatory to colori- 
metric titration result in a number of false negative readings for free acid Since 



Fig 4 — Frequency distribution of observations of free acid as determined on samples 
collected simultaneously from just above and just below the pylorus after the administration 
of an antacid and in control experiments during the corresponding period See the legend 
for figure 2 for an explanation of the figure 

our average end point with Topfer’s reagent was close to pH 3 5,® all specimens 
whose pH m the unfiltered, undiluted state is 3 5 or less must be considered as 
containing free acid Interpreted in the light of this criterion, the pn values afford 
the more accurate index of the true incidence of achlorhydria 

A mild secondary rise in average gastric free acid was seen following use .of 
each antacid (fig 3), a phenomenon which was not observed in the behavior of 
the average gastric pn 

The graphic curve of average gastric free acid after ingestion of aluminum 
hydroxide gel (fig 3) adopted a definitely different pattern than that shown by the 
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corresponding curve of average duodenal pa (fig 1) It may be said, then, that 
this measure of acidity m the stomach, as far as aluminum hydroxide gel is con- 
cerned at any rate, cannot be taken to indicate with any surety the coexistent 
effective acidity {pn) m the duodenal bulb 

Duodenum Despite its salutary effect on gastric free acid, aluminum hydroxide 
gel failed to display an ability to i educe duodenal free acid in a similar fashion 
Not only was it less effective in this respect than was Sippy powder, but it pro- 
duced a secondary rise in duodenal acidity which did not occur after use of Sippy 
powder (fig 3) A more favorable comparison appears when the percentage of 
samples taken after ingestion of an antacid that are colonmetncally negative for 
free acid is considered, 76 2 per cent of the observations after use of aluminum 
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Fig" 5 — ^Average total acidity of samples collected simultaneously from above and 
just below the pylorus before and after the administration of an antacid See the legend 
for figure 1 

hydroxide gel and 75 5 per cent of those after use of Sippy powder showed no 
free acid, m contradistinction to 57 7 per cent of the control observations (fig 4) 
These percentages, however, are again greater than the corresponding ones based 
on determinations of duodenal pa and must be interpreted in the light of the error 
which IS known to exist in the method of colorimetric titration 

Total Acidity (figs 5 and 6) — Stomach Aluminum hydroxide gel not only 
appeared to be devoid of any beneficial effect on average gastric total acidity bufi 
paradoxically, caused a greater concentration of titratable acidity than that whic 
obtained \vithout use of any antacid (fig 5) This situation, however, is more 
apparent than real, for it is to be remembered that the sodium hydroxide used in 
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the titnmetric proceduie combined not only with the hydrochloric acid of the 
gastric contents but with the aluminum chloride formed from the interaction of 
the aluminum hydroxide of the gel and the hydrochloiic acid of the chyme There- 
fore, determinations of total acidity following the administration of aluminum 
hydi oxide gel give no indication of its efficacy as an antacid 

Sippy powder exhibited an effect on gastric aveiage total acidity similar to that 
on free acid (fig 3) The effect reached its peak rapidly, progressively lessened 
and finally reached the control level after about an hour The comparatively 
lesser action of this antacid on the /jh iri the duodenal cap (fig 1) bespeaks the fact 
that measurement of gastric total acidity also fails as a reliable index of the actual 
changes m effective duodenal acidity {pn) which may follow the use of an antacid 



Fig 6 — Frequency distribution of observations of total acidity of samples collected simul- 
taneously from just above and just below the pylorus after the administration of an antacid 
and in control experiments during the corresponding period See the legend for figure 2 

Duodenum As in the stomach and for the reasons stated m that connection, 
aluminum hydroxide gel appeared to contribute little if at all to lowering the aver- 
age total acidity of the contents of the duodenal cap (fig 5) Sippy powder, on 
the other hand, effected a reduction of total acidity in this area 

Excess N eutrahsing Ahihty of the Duodenal Contents (figs 7 and 8) — 
Excess neutralizing ability has been defined ^ as a measure of the reserve capacity 
possessed by the contents of the duodenal bulb to neutralize, buffer and dilute the 
chyme received fiom the stomach above that necessary to offset the free acid con- 
tent Aluminum hydroxide gel, it will be seen in figure 7, was essentially non- 
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contributory to this reserve ability Sippy powdei, on the contrary, greatly 
enhanced the excess neutralizing ability of the duodenal contents The latter action 
may be attiibuted, in all probability, to the free sodium bicarbonate earned over into 
the duodenum along with the chyme emptying from the stomach As with the other 
observed effects of Sippy powder, the enhancement was of relatively brief duration 
and was offset in the terminal phase by a diminution of the reserve capacity below 
that of the control series 


/I 
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Fig 7 — Average excess neutralizing ability of the duodenal contents before and after the 
administration of an antacid See the legend for figure 2 



Fig 8 — Frequency distribution of observations of excess neutralizing ability of the 
denal contents after the administration of an antacid and in control experiments during t e 
corresponding period See the legend for figure 2 

COMMENT 

In piesentmg the lesults, attention repeatedly has been called to the disparity 
between the observed simultaneous gastric and duodenal effects of the two antacids 
It was noted that salutary effects on gastric acidity were commonly associated wit 
comparative ineffectiveness as regards reduction of duodenal aadity and that 
undesirable secondary rises in acidity occurred in the duodenum in the absence o 
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such phenomena m the stomach It may be concluded, theiefore, that the in situ 
effects of antacids on duodenal acidity in patients with duodenal ulcer cannot be 
piedicted from their behavior in the stomach, just as their mtragastric effects, m 
turn, cannot be predicted from their potential in vitro neuti alizing capacity 

The effective acidity m the first part of the duodenum, the harboring nest of 
most clinical ulcers, is determined by the hydiogen ion concentration of its con- 
tents, which in turn finds expression in the pn value A lack of close correlation 
was pointed out between the values of the several measures of gastric acidity and 
the coexistent pn m the duodenal cap It is important to emphasize the fact that, 
generally speaking, after the use of an antacid none of the customary indexes of 
gastric acidity may be taken to indicate reliably the coexistent effective acidity (pjj) 
m the duodenal bulb 

The results indicate that the oial administration of an antacid in the commonly 
employed therapeutic doses enhances the neutralizing ability of the contents of the 
first part of the duodenum It is to be stressed, however, that the reduction of 
mtraduodenal acidity was not gieat, lasted only a comparatively short peiiod of 
time and was followed m the instance of Sippy powder by a rebound inciease in 
duodenal hydrogen ion concentration The use of larger amounts and/or more 
fiequent doses of antacid might well overcome these shortcomings, but the patient 
with an ulcer would then become subjected to the added risk of such complications 
as alkalosis,® impaired renal function with kidney stone formation,® constipation,^® 
fecal impaction,® intestinal obstruction’-^ and interfeience with absorption of inor- 
ganic phosphates We have found that duodenal acidity is greatly affected by 
the type of food undergoing digestion and that m dogs fats (cream, olive oil and 

7 (a) Breuhaus, H C, and Eyerly, J B Antacids Their Effect by Titration and 
Within the Human Stomach, Ann Int Med 14 2285, 1941 (b) Eyerly, J B Compara- 
tive pH Values Within the Stomach, Pylorus, and Duodenum in Antacid Therapy, Am J 
Digest Dis 7 431, 1940 

8 (o) Dick, C F , and Eisele, C W The Treatment of Peptic Ulcer Without 

Alkalis, JAMA 118 38 (Jan 3) 1942 (b) Eisele, C W Changes in the Acid-Base 

Balance During Alkali Treatment for Peptic Ulcer, Arch Int Med 63 1048 (June) 
1939 (c) Hardt, L L, and Rivers, A B Toxic Manifestations Following the Alkaline 

Treatment of Peptic Ulcer, ibid 31 171 (Feb ) 1923 (d) Kirsner, J B , and Palmer, W L 
The Role of Chlorides m Alkalosis Following the Administration of Calcium Carbonate, 
J A M A 116 384 (Feb 1) 1941 

9 Eisele, C W Role of Alkali Therapy for Peptic Ulcer m Formation of Urinary 
Calculi, J A M A 114 2363 (June 15) 1940 

10 Kraemer, M The Use of Hydrated Magnesium Tnsilicate m Peptic Ulcer, Am J 
Digest Dis 5 422, 1938 McIntosh, J F , and Sutherland, C G Use of Colloidal Aluminum 
Hydroxide m Treatment of Peptic Ulcer, Canad M A J 42 140, 1940 

11 Havens, W P Intestinal Obstruction Caused by Colloidal Aluminum Hvdroxide 
J A M A 113 1564 (Oct 21) 1939 

12 Fauley, G B Freeman, S , Ivy, A C , Atkinson, A J , and Wigodsky, H S 

Aluminum Phosphate m the Therapy of Peptic Ulcer Effect of Aluminum Hydroxide on 
Phosphate Absorption, Arch Int Med 67 563 (March) 1941 Freeman, S, and Freeman, 
W M The Interference m the Absorption of Inorganic Phosphorus by Aluminum Hydroxide ' 
Its Use m Children with Chronic Renal Insufficiency, Am J Physiol 133,281 1941 

Street, H R, and Barlow, O W The Relative Effects of Aluminum Hydroxide and 
Aluminum Sulfate on the Absorption of Dietary Phosphorus by the Rat, ibid 133 465 1941 

13 Berk, J E , Thomas, J E, and Rehfuss, M E (a) The Effect of Gastric Hyper- 

secretion on the Reaction and Neutralizing Ability of the Contents of the First Part of the 
Duodenum m Normal Dogs, Am J Digest Dis 9 297, 1942, (b) The Effect of a 
Cream Meal on the Acidity and Neutralizing Ability of the Contents of the Duodenal Bulb 
m Normal Dogs, Am J Physiol 136 285, 1942, (c) footnote 4 a (d) Thomas, J E 
The Maximal Acidity of the Intestinal Contents During Digestion, Am J Digest Dis 
7 195, 1940 (a) Thomas, J E, and Crider, J O The Effect of Fat on the pa of the 

'Contents of the Duodenum, Am J Physiol 114 603, 1936 
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beef fat) exhibit a striking depressant effeet on duodenal acidity which is main- 
tained for a considerable time True, the amounts of fat we employed were 
greatly in excess of the amounts which are commonly given to patients, yet there 
IS evidence that small doses of fat (olive oil and cod liver oil) depress secretion 
in the gastric pouch in dogs effectively and over long periods One might 
therefore expect a similaily effective action m the duodenum from small doses of 
such palatable fats as cream Certainly the use of fats is devoid of the incon- 
venience, expense and complications attendant on the frequent administration of 
antacid medications Should a duodenal antacid effect prove desirable m the 
management of a patient with ulcer, the preferential use of dietary measures, 
especially of fatty foodstuffs, is to be strongly considered 

Accumulated clinical experience leaves no doubt that antacid medications exert 
a beneficial action m the treatment of patients with duodenal ulcer Basically the 
reason for their use and the enthusiasm with which they have been applied m the 
theiapy of ulcer stem from the importance which has been assigned to the acid 
factor in this disease and to the assumed need for its modification The literature, 
however, is replete with repoits denying any remaikable or sustained neutralizing 
effects in the stomach following ingestion of an antacid Our results indicate, 
further, absence of any pronounced or piolonged neutralization at the site of the 
duodenal ulcer when a single therapeutic dose of an antacid is given to a patient 
with ulcer after an Ewald meal In our own experience as well as in that of 
others,®'' most patients with uncomplicated duodenal ulcer respond equally satis- 
factorily on a regimen devoid of antacids as when antacids are employed The 
disappearance of abdominal pain after the ingestion of an antacid may alone war- 
rant Its employment, m spite of the demonstrated lack of any correlation with the 
changes in gastric acidity 

The most anesting evidence striking at the very foundation of the popular 
theoiy of antacid therapy is the demonstration that definite healing of experimental 
(Mann-Wilhamson) ulcers in dogs and distinct symptomatic improvement in 
patients with duodenal ulcer may occur with the use of extracts from the urine of 
pregnant and of normal women without any decrease in the gastric secretory 
response to stimuli It is difficult to escape the conclusion, therefore, that what- 

14 Komarov, O , and Komarov, S A The Effect of Olive Oil and Cod-Liver Oil on 
Gastric Secretion in the Dog, Canad M A J 43 129, 1940 

15 (a) Adams, W L , Einsel, I H , and Mej'ers, V C Aluminum Hydroxide as an 

Antacid in Peptic Ulcer, Am J Digest Dis 3 112, 1936 (b) Boyd, T E The Influence 
of Alkalies on the Secretion and Composition of Gastric Juice I The Effect of the Pro- 
longed Administration of Sodium Bicarbonate and Calcium Carbonate, Am J Physiol 71 
455, 1925 (c) Breuhaus and Eyerly^n (rf) Brown and Dolkart®*^ {e) Crohn, B B 

Studies in Fractional Estimation of Gastric Contents II Effects of Antacid Medication on 
Gastric Acidity and Secretion, Am J M Sc 155 801, 1918 (/) Degener, M Unter- 

suchungen uber den Einfluss von Alkalien auf Motihtat und Sekretion des Magens mittels der 
fraktionierten Ausheberung, Munchen med Wchnschr 75 1838, 1928 (gr) Eyerly (/i) 
Ivy, A C , Terry, L , Fauley, G B , and Bradley, W B The Effect of Administration 
of Aluminum Preparations on the Secretory Activity and Gastric Acidity of the Normal 
Stomach, Am J Digest Dis 3 879, 1936 (i) Kirsner, J B A Further Study of the 

Effect of Various Antacids on the Hydrogen Ion Concentration of the Gastric Contents, 
ibid 8 53, 1941 (j) Kirsner, J B , and Palmer, W L The Effect of Various Antacids 

on the Hydrogen Ion Concentration of the Gastric Contents, ibid 7 85, 1940 (JO 
mann, F , and Fantus, B Acidity Modification Therapy in Peptic Ulcer, ibid 7 197, 1940 
(/) Wosika, P H, and Emery, E S , Jr The Effectiveness of the Sippy Regimen in 
Neutralizing the Gastric Juice of Patients if the Amount of Alkali Is Not Varied, Ann n 
Med 9 1070, 1936 (m) Wylkie, D The Influence of Certain Antacids on the Acidity 

of Human Gastric Juice, with Special Reference to Magnesium Trisilicate, Edinburg J 
47 336, 1940 
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ever is the contribution of antacids to the management of patients with duodenal 
ulcer, then beneficial clinical action must be attributed to something more than their 
slight efficaciousness m reducing acidity at the site of the ulcei 

A compaiative evaluation of the relative meiits of the two antacids employed 
was not a primary purpose in this study In many lespects Sippy powdei showed 
a neutralizing ability superior to that of aluminum hydroxide gel, but this 
seeming excellence requires qualification, and the suggested superiority must 
be accepted with caution Aluminum hydi oxide gel is known to be a slow acting 
cintacid With our method of study the withdrawal of small amounts of gastiic 
and duodenal contents at ten minute intervals, all of which must have contained 
some of the administered antacid, would affect the end results of a slower acting 
antacid to a much greater degree than it would such a lapid acting one as Sippy 
powder Despite a piompter and more rapid deciease in duodenal hydrogen ion 
concentration after ingestion of Sippy powder, there followed a secondary rise which 
tended to offset the apparent advantage of Sippy powder ovei aluminum hydroxide 
gel 

SUMMARY AND CONCLUSIONS 

The m situ effects of antacids on duodenal acidity in patients with duodenal 
ulcei cannot be predicted fiom their behavior in the stomach 

After the ingestion of an antacid by a patient with duodenal ulcer none of the 
customaiy indexes of gastiic acidity ma}^ be taken to indicate reliably the coexistent 
effective acidity {p-^) in the duodenal bulb 

Oral administration of an antacid in the usual theiapeutic dose to a patient with 
duodenal ulcei does reduce the acidity of the contents of the first part of the 
duodenum The reduction of intraduodenal acidity, however, is neither great nor 
long lasting and may be followed by a rebound increase 

The beneficial clinical action of antacids in the management of patients with 
duodenal ulcer must be attributed to something more than their slight efficaciousness 
in reducing acidity at the site of the ulcei 

Dr B B Vincent Lyon gave us permission to use the patients and facilities of the 
gastrointestinal disease clinic, and Drs Melvin Dillman and Karl Kornblum performed the 
roentgen studies on each subject 
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Instances of true hernia at the esophageal hiatus were recoided not infre- 
quently in the literature of the early part of this century, but, with improvement 
in 1 oentgenographic technic duiing the past twenty yeais and with accumu- 
lating interest in the subject, the rather high incidence of the condition has been 
recognized The incidence in relation to the number of gastiointestmal roentgen 
studies made by several authors has varied from 0 75 to as high as 2 9 per cent 
of the series ^ This must not be intei preted as evidence that such a high per- 
centage of the general population has hiatal hernia, because the majority of 
the roentgen examinations were made for persons with complaints referable to the 
gastrointestinal tract 

Akerlund “ in 1926 cited 60 cases recorded in the literature up to that tune 
and reported 24 of his own Harrington ® reported 680 cases seen at the Mayo 
Clinic between Jan 1, 1908 and Dec 31, 1939 The first of these cases was 
diagnosed in 1908, at the time of an operation, and in 1921 the first diagnosis 
by roentgen examination was recorded 

Three varieties of so-called hiatal hernia have been described by Akerlund - 
that associated with a congenitally short esophagus, a paraesophageal type and a 
gastroesophageal type In the type occurring with a congenitally short esophagus a 
part or all of the stomach is permanently within the thorax (partial or complete 
thoracic stomach) Failure of the esophagus to reach a proper length during 
development has made it impossible for the stomach to develop m the normal 
position, which is entirely within the peritoneal cavity In the paraesophageal 
type of hiatal hernia the esophagus is of normal length and its lower end remains 
situated below the level of the diaphragm in its normal position whereas the 
fundus of the stomach is herniated through the esophageal hiatus so that it lies 
within the posterior mediastinum In the gastroesophageal type the esophagus is 
of normal length, but the lower end is carried up above the level of the diaphragm 
with the herniated stomach, which lies in the posterior mediastinum 

Harrington ® expressed the opinion that in some instances the stomach is 
drawn into the thorax by cicatricial contraction of a healed ulcer at the lower 
end of the esophagus, the resulting condition being confused with hernia of the 

From the Medical Clinic of the Peter Bent Brigham Hospital 

1 (a) Ritvo, M Hernia of the Stomach Through the Esophageal Orifice of the 

Diaphragm, J A M A 94 15 (Jan 4) 1930 (b) Eisen, D Esophageal Hiatus Hernia, 
Canad M A J 39 207 (Sept ) 1938 (c) Rigler, L G , and Eneboe, J B The Incidence 

of Hiatus Hernia in Pregnant Women and Its Significance, J Thoracic Surg ^ ^ 

1935 (d) Levy, M D , and Duggan, L B Hiatus Hernia of the Stomach, South M J 
34 351 (April) 1941 

2 Akerlund, A Hernia diaphragmatica hiatus oesophagei vom anatomischen und 
rontgenologischen Gesichtspunkt, Acta radiol 6 3, 1926 

3 Harrington, S W Diagnosis and Treatment of Various Types of Diaphragmatic 
Hernia, Am J Surg 50 381 (Nov) 1940 
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congenital variety Dunhill ^ described in place of the thii d type what he termed 
“hernia diaphragmatica transversa ” In this condition the esophagus is of normal 
length but the anatomic hiatus is replaced by a large defect due to nondevelop- 
ment of the crura of the diaphiagm 

The presence of hiatal hernia is still commonly first suspected only after its 
demonstration by the roentgenologist The symptoms piesented by the patient 
are most likely to be ascribed to some disturbance such as peptic ulcer or carci- 
noma or disease of the gallbladder or of the organs within the thorax, the symp- 
toms of which are moie familiar to the physician Attention may be directed 
away from the hernia as the cause of the symptoms because of the coexistence 
of one of those conditions and the hernia The common failure of the physician 
to include hiatal hernia in the differential diagnosis is probably the result of 
vaiiation in the symptom complex and of lack of knowledge of what the various 
symptoms are Hariington ^ has referred to hiatal hernia as the “masquerader 
of the upper abdomen” because of the change in the symptom complex as the 
size and the condition of the heinia change with age 

The objects of the study reported heie are two (1) to deteimme those 
symptoms occurring in patients with herniation which may lead one to suspect 
the diagnosis, (2) to record the frequency of anemia in patients with hiatal 
hernia and its importance as a diagnostic aid 

MATERIAL STUDIED 

The data recorded are based on 72 case histones of patients with hiatal hernia, taken 
from the wards and outpatient department of the Peter Bent Brigham Hospital and the private 
records of one of us (W P M ) Hernia of the type occurring with a congenitally short 
esophagus was present m 7 instances Although there is some question as to whether or not 
this IS true herniation because of the fact that the end of the esophagus and the stomach have 
never been in their normal position, these cases are most conveniently included for discussion 
with those of true hernia The remaining 65 cases of hiatal hernia have not been further 
classified, because the data available did not warrant differentiation into smaller subgroups 
It seemed to us likely that the distinction between the paraesophageal and the gastroesophageal 
type IS largely dependent on the degree of herniation at the time the roentgen examination 
IS made The position of the lower end of the esophagus and the size of the portion of the 
stomach herniated into the posterior mediastinum depend largely on the condition of the patient 
at the time of examination 

Sev — Of the 72 patients, 11 were men and 61 women Eleven women were unmarried, 
12 were married but had borne no children, and the marital status of 1 is unknown The 
remaining 37 women had borne one or more children 

It has been generally recognized that hiatal hernia is more common in female than in male 
patients, as in our series In the series of Rigler and Eneboe ic there were 15 females to 4 males 
These authors also called attention to the frequency with which herniation accompanies pregnancy 
They found roentgen evidence of hiatal hernia in 18 1 per cent of 116 multipara Marks ® 
observed that herniation occurred most commonly in women who are over 40 years of age 
and overweight 

Age — The 72 patients were distributed with respect to decades of life at the time the 
diagnosis was made as follows 30 to 39 years, 4, 40 to 49 years, 12, 50 to 59 years, 23, 
60 to 69 years, 19, 70 to 79 years, 14 The youngest patient, a woman, was 33 years of age 
when the diagnosis was made, but the symptoms had persisted since a fall from a stone 
fence at the age of 20, when she landed prone with a large boulder under her abdomen The 
oldest patient was 78 The average age of the series was 60 years It was often difficult 
to determine the age at which the onset of symptoms occurred because of uncertainty as to 
whether these were the result of hernia or of some other ailment However, as nearly as 
could be determined, the average age at onset of symptoms was 57 years 

4 Dunhill, T Diaphragmatic Hernia, Brit J Surg 22 475 (Jan ) 1935 

5 Marks, J H Diaphragmatic Hernia and Associated Conditions, Am J Roentirenol 

37 613 (May) 1937 ^ 
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Harrington c found hiatal hernia to be most common m the decade between SO and 60 
j'ears Moersch ^ and also Levy and Duggan found the average age to be 55 years the 
extremes m their series of 26 cases were 27 and 79 years The average age of 128 patients with 
hiatal hernia reported bj Jones ® was 55 years It is not clear whetlier the ages reported for 
these various series are those at the time of onset of symptoms or those at the time the 
diagnosis was made 

CONGENITALLY SHORT ESOPHAGUS AND THORACIC STOMACH 

Bailey® was piobably the first to direct attention to, and describe, a case of 
congenitall} short esophagus with complete thoracic stomach when in 1919 he 
reported such a condition found duiing the dissection of the body of a 77 year 
old man LeWald was perhaps the first to recognize thoracic stomach by 
roentgen examination In 1924 he described this condition in 2 persons, a child 
of 7 years and a man of 69 yeais He stated that “thoracic stomach is an 
entity of congenital origin with development of the diaphragm below it, without 
structural defect ” Truesdale found reports of 20 cases of “complete thoracic 
stomach” and of 41 cases of “partial thoracic stomach” wuth a short esophagus 
in the literature up to 1935 

Seven of our series of patients wuth hiatal hernia w'ere found to have a con- 
genitally short esophagus In only 1 of them was the stomach completely above 
the diaphragm — complete thoiacic stomach Five wmmen and 2 men, 1 of wdiom 
also had pernicious anemia, comprise this group A brief history of each of them 
IS included here because of the somewdiat unusual interest in this condition 

Case 1 — A 59 year old w oinan, single, had for eighteen months previous to examination 
complained of regurgitation of food recently eaten and of having several times vomited bloody 
material She also complained of heartburn, gas and distention in the upper part of the 
abdomen, as well as of the sensation that food met an obstruction half way down, and she 
seemed to have difficulty in swallowing solid foods Three months previous to her admission 
to the Peter Bent Brigham Hospital an ulcer of the esophagogastric junction had been demon- 
strated by roentgenogram The stools showed occult blood (2 plus bj the guaiac test), and 
she had moderately severe anemia, as showm by a red blood cell count of 3,850,000 and a 
hemoglobin content of 7 87 Gm Roentgen examination showed that the esophagus ended 
10 cm above the diaphragm, with an ulcer at the distal end The fundus of the stomach 
was herniated through the esophageal hiatus 

Case 2 — A S3 year old woman, married, stated that three months before admission she 
had experienced a severe attack of asthmatic bronchitis following a cold Since then there 
had been a frequently recurring cough with wheezing During this time she also had a 
“squeezing hurt” substernallj, not related to exertion but frequently occurring after breakfast 
Three years previous to entrance she had nausea and vomiting, her condition at that time was 
diagnosed by roentgenogram as duodenal ulcer, and her symptoms were relieved by diet 
She had diverticula of both the sigmoid and the transverse colon No anemia was present 
and no occult blood was demonstrated m the feces Roentgen examination on this admission 
to the hospital showed that the esophagus ended 4 cm above the diaphragm A portion of 
the fundus of the stomach wes herniated through the hiatus No ulcer was seen 

Case 3 — A 60 year old woman, single, complained for a number of years of an upper 
abdominal pain accompanied by gas, however, the pam was intermittent in character , at times 
during the past six months it had disappeared for several days When she had pain, she 
ate no food, drank hot water and was generally lelieved Headaches and constipation had 

6 Harrington, S W Esophageal Hiatus Diaphragmatic Hernia, J Thoracic Surg 8 127 

(Dec) 1938 ^ _ 

7 Moersch, H J Hiatal Hernia, Ann Otol , Rhin & Laryng 47 754 (Sept) 1938 

8 Jones, C M Hiatus Esophageal Hernia, with Special Reference to Comparison of Its 
Symptoms with Those of Angina Pectoris, New England J Med 225 963 (Dec 18) 1941 

9 Bailey, P A Case of Thoracic Stomach, Anat Rec 17 107 (Oct ) 1919 

10 LeWald, L T Thoracic Stomach Differentiation from Eventration and Hernia ot 

the Diaphragm, Radiology 3 91 (Aug ) 1924 -t- i 

11 Truesdale, P E Diaphragmatic Hernia at the Esophageal Hiatus, New Englan 
J Med 212 240 (Feb 7) 1935 



MURPHY-HAY— HERNIA AT ESOPHAGEAL HIATUS 


61 


increased in frequency She had moderately severe anemia, characterized by a hemoglobin 
content of 1159 Gm and a red blood cell count of 3,780,000 The feces were positive for 
occult blood (1 plus by the guaiac test) Roentgenograms of the upper part of the gastro- 
intestinal tract showed that the esophagus ended S cm above the diaphragm and that the 
fundus of the stomach herniated through the esophageal hiatus Diverticulosis of the colon 
was demonstrated by a barium sulfate enema 

Case 4 — A 56 year old man was first seen in the outdoor department in June 1927, 
complaining that he had suffered from pain in the left lower quadrant of the abdomen for 
the past four weeks This pain came on while he was eating and radiated to the front of the 
chest, where it seemed to choke him and where it seemed to cause him to regurgitate food 
several times after eating Five months later he was seen again, at which time he com- 
plained of midabdominal pain which came immediately after eating and radiated up to the 
throat The pain was relieved by eructation of gas Roentgen studies at that time revealed 
a duodenal ulcer and a hiatal hernia Five years later he was seen again and said that he 
had never been free of the aforementioned symptoms for any length of time during the 
preceding five years and that of late they had become worse At this time he also com- 
plained of pain on reclining at night Roentgen examination again showed a duodenal ulcer 
and hiatal hernia Four months later another roentgen examination was made, at which time 
a congenitally short esophagus and a duodenal ulcer were diagnosed The esophagus ended 
6 cm above the diaphragm Esophagoscopy failed to demonstrate a thoracic stomach 

Case 5 — A 77 year old woman, married, had complained for the past six months of 
vomiting immediately after meals about every other day For some time she had noticed 
also that food when swallowed seemed to stick at the lower part of the chest For this 
reason she could eat only soft and semisolid foods Roentgen examination showed a con- 
genitally shortened esophagus ending 5 cm above the diaphragm with a part of the fundus 
of the stomach above the diaphragm 

Case 6 — A 51 year old housewife said that for many years she was unable to he on her 
left side because of a sensation as of something running up and down inside her chest 
Substernal fulness and pain occurred after a meal of coarse foods and about 5 o’clock each 
morning, relieved by rubbing Occasional spells of dizziness followed by vomiting were 
experienced for several years She always vomited easily, without nausea, and then felt 
relieved One of three roentgen examinations showed a congenitally short esophagus All 
showed dilatation of the esophagus without obstruction and herniation of the fundus of the 
stomach through the esophageal hiatus — ^freely movable 

Case 7 — ^A 58 year old man gave a history of loss of weight and strength associated with 
discomfort in the lower part of the abdomen, relieved by reclining, not always associated 
with ingestion of food or relieved by it Nausea and vomiting had occurred on four occasions 
during the past year after eating Roentgen examination showed a congenitally short esophagus 
with delay at the third portion The stomach was above the diaphragm, behind the heart, 
and fixed upside down The distal transverse colon and the sigmoid were also herniated 
through the hiatus The patient also had pernicious anemia with an initial hemoglobin level 
of 621 Gm and 1,570,000 erythrocytes per cubic millimeter of blood His anemia was success- 
fully controlled for six years, at the end of which time death followed an attack of pneumonia 

Symptoms — Six of the patients with a congenitally short esophagus were 
troubled with vomiting oi regurgitation after ingestion of food In only a single 
instance was nausea mentioned The distress or pain was usually relieved by 
the regurgitation 

Substernal pain or distress or a feeling of obstruction in this location was 
piesent m 5 patients This occurred either after ingestion of food, especially 
coarse food, or while the patient was reclining, and frequently was relieved by 
vomiting 

Abdominal distention, accompanied by gas, occurred in 2 cases, and discom- 
fort in the lower pait of the abdomen, relieved by reclining, occurred in 1 Cough, 
accompanied by asthmatic wheezing, was a prominent complaint of 1 patient, but 
the evidence is not sufficient to indicate that it was related to the herniation 

Goodall and Hoyt^= reported dyspnea as the most prominent symptom of 
3 patients, 2 of whom probably had complete thoracic stomach They expressed 

12 Goodall, H W, and Hoyt, L H Thoracic Stomach, Arch Int Med 53 594 (April) 
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the belief that the stomach lying’ within the thorax interfered with respiration 
causing dyspnea ’ 

It IS of interest to note that in oui senes of patients symptoms which suggest 
distui bailee of the gastrointestinal tiact predominated and that they were so dis- 
tinctive that the diagnosis should have been stiongly suspected before roentgen 
studies weie made 

Seveie anemia was demonslialed m 2 patients One of them (case 7) had 
peimcious anemia, the othei had lather profuse hemorrhage, which probably 
lesulted fiom an ulcer at the esophagogasti ic junction A thud patient had 
moderately severe anemia One patient’s blood was not examined In 2 instances 
a duodenal ulcer was diagnosed, but in neithei was there anemia or symptoms 
strongly suggestive of ulcer 

HIATAL HERXIA 

Mention has alieady been made of some factors which may influence the 
development of herniation Maiks® and also Le\y and DuggaiM'* suggested that 
obesity is an impoitant contiibutoiy factor Marks expressed the belief that 
inci eased intia-abdommal pressuie, ivhich may be produced b) more than the 
noimal amount of fat in the omentum, a large fibroid or a piegnant uterus, may 
pioduce herniation Rigler,^^ as mentioned pieviously, emphasized the importance 
of pregnancy as a factoi Thirty-seven patients, oi slightly more than one half of 
our senes of 72, w^ere w'omen who had been pregnant one oi more times 

Tiauma is undoubtedly responsible for herniation in some cases One patient, 
pieviously mentioned, had symptoms ivhich \vere later considered to be the result 
of a hiatal hernia developing after a fall from a stone w'all Two other patients 
leferied the onset of symptoms to accidents in which their heads w'ere forcibly 
bumped against the top of an automobile as it w'ent o\er a bump in the road at 
a high rate of speed It seems likely that any one of the factors mentioned 
might pioduce herniation m a peison with a congenitally defective or relaxed 
esophageal hiatus wdieieas none of the same factors might be sufficient to produce 
herniation in a patient w'lth a normally foimed hiatus 

Symptoms — ^The histones of the 7 patients wuth congenitally short esophagus 
are included in the following analysis of symptoms because there seemed to be 
little difference between the tw'o groups Foi the same reason the histones of 
7 patients wdio also had pernicious anemia aie included 

Pam w^as the symptom most frequently stressed by the patients Since the 
desciiption of the sensations varied greatly fiom one person to another, it is 
difficult to Imow just which expressions of discomfort should be included in this 
category The term “pain” is used here to include such recorded sensations as 
dull or sharp pain, distress, ache, squeezing sensation and feeling of fulness or of 
obstruction on the swallowing of food 

Fift 3 '’-nine of the 72 patients had pain which was believed to be related to 
hiatal hernia The pain was said to be m the substernal region by 23 and in the 
upper part of the epigastrium by 33, 56 patients had some soit of discomfort 
over an area extending from the middle of the chest to the upper part of the 
epigastrium Other sites for the location of pain w^ere the right upper quadrant 
of the abdomen eight times, right side of the chest three times, the precordial 
region three times, the left side of the chest, the low^er part of the abdomen, 
the back rarely If one takes into consideration the facts that the histones were 
recorded by several physicians and that m many instances hiatal hernia was nert 
suspected, it appears significant that the discomfort was so frequently localize 
within a rather limited area 
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The pain was described as dull (ache or squeeze) by 32 patients and as acute 
01 sharp by 12 It radiated to the abdomen in 9 instances, to the back in 4, to 
the left arm and shoulder (suggesting anginal pain) in 4, to the right shoulder 
and aim in 3 and to both the right and the left shoulder in 3 

Discomfort was initiated oi aggravated by a meal in 21 instances, by solid 
food in 9 and by water in 2, making a total of 32 instances m which pain was 
expel lenced after ingestion of food or water Reclining initiated discomfort m 16 
cases, whereas exercise, especially that involving the moving or lifting of heavy 
objects, accounted for the onset in 7 Emotional upsets not infrequently aggra- 
vated the condition Both reclining and lifting are probably much moie frequent 
causes of discomfort than is suggested by these figures The patient is frequently 
not aware of the precipitating or aggiavatmg factors, and unless the physician 
recording the histoiy includes hiatal hernia in his differential diagnosis, these 
factors may not be brought out in the anamnesis 

Relief from symptoms was attributed to ingestion of an alkaline drink in 
7 instances , to that of soft food in 6 , to taking of whisky in 1 , to vomiting 
in 14, to use of glyceryl trimtiate in 3, to application of heat in 3, to rest in 
bed in 2, and to eructation of gas in 1 

Anemia rates second to pain in order of fiequency of occurience as a symp- 
tom in our series, and this subject will be discussed latei in some detail 

Other symptoms, grouped as they were mentioned m the records, occurred as 
follows Ammitmg, in 32 instances, nausea, in 19, gas m the stomach, in 19, 
weakness oi easy fatigability, in 13, diarrhea, in 10, heartburn, in 9, consti- 
pation, in 9, anorexia, m 8, headache, in 7, indigestion, m 4, cough, in 4, 
nervousness, in 3 , insomnia, in 2 , dizziness, in 2 

The history most characteiistic of patients with hiatal hernia may be sum- 
marized somewhat as follows Following ingestion of food, particularly solid or 
coarse, there is a feeling of obstruction or pain (ache or squeeze) in the sub- 
sternal or the upper epigastric region This may be followed by regurgitation or 
vomiting, with relief of symptoms 

Discomfort in the same regions as those described in the foregoing paragraph 
may occur on reclining, especially during the night, and be relieved on arising, 
or there may be distress after lifting or moving heavy objects Either leclming or 
lifting may be followed by hemorrhage, which is in some instances the cause 
of anemia, as discussed later 

Vomiting and regurgitation of food not associated with nausea are very char- 
acteristic complaints Unexplained indigestion associated with “gas,” heart burn or 
anorexia and easily produced weakness must each lead one to think of hiatal hernia 
Healy summaiized the symptoms of his patients as follows “The most 
common symptom we found in our cases was substeinal pain with regurgitation 
when in the supine position The next in order is the vague gastric distress 
sometimes with tenderness leferable to the right upper quadrant and not in the 
epigastric region, accompanied at times by pain radiating to the back similar to 
a gall stone attack Then came vomiting in the morning with hyperacidity Onlv 
in a very few cases did we note difficulty in swallowing solid food at times ” 
Pancoast and Boles stated that symptoms may be entirely absent but that 
“probably the most constant, certainly the most suggestive, symptom present is 


13 Healy, T B Symptoms Observed m Fifty-Three Cases of Non-Traumatic Dia- 
phragmatic Hernia, Am J Roentgenol 13 266 (March) 1925 

T ^ ^ Non-Traumatic Left Diaphragmatic Hernia, Arch 

Int Med 38 633 (Nov ) 1926 
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pain, often of a colicky natuie, localized just above the ensiform or in the epigas- 
tiium, which comes on gradually and more often when the patient is lying down, 
especially at night ” 

Ohnell found pain m the epigastrium oi the immediate neighborhood in 16 
and burning oi pressuie m the same location m 3 of 24 cases leported in the 
literature Pam usually occuired immediately or within two to three hours after 
ingestion of food Vomiting occuried m 10, regurgitation or heartburn in 6, dys- 
phagia in 4, constipation in 5 and caidiac or pulmonaiy symptoms in 4 instances 

Goodall and Ployt have presented in considerable detail the symptom com- 
plex obseived in their 5 cases, stressing particularly the prepondeiance of symp- 
toms referable to inteifeience with cardioiespiratoij function in 3 patients with 
thoracic stomach 

Harrington ® stated that “the chief symptoms of esophageal hiatus hei ma are 
pain, distiess, gaseous eiuctation, vomiting, dyspnea, hemorrhage, weakness, 
anemia, and palpitation of the heai t ” He divided the symptoms into those 
occurring eaily and those occurimg late in the course of the herniation, the main 
difteience being m the seventy and the f requeue) of occurrence The epigastiic 
distiess may be piojected through to the back during or shortly after a heavy 
meal or even after a cup of coffee, and is often leheved by belching of gas and 
vomiting, this pain is often attributed to cholec) stitis 

Jones ^ compared the S 3 mptoms of 91 patients with small and 37 with large 
hiatal hernias Substernal pain W'as expeiienced b) moie than one third of those 
with small but by only 5 of those wnth large heinias Othenvise there w’^as little 
difference in the two groups wdiich could be definitely asciibed to the size of 
the herniation It is of interest to note that on the basis of the clinical picture a 
diagnosis of heart disease w'as made in 13 and of disease of the biliaiy tract in 
22 cases of his series 

These reports and otheis less concietely summarized, although not in entire 
agreement in respect to the most charactei istic complaints, confirm our owm 
observation that the symptoms are predominantly gastrointestinal in nature and 
that in a high percentage of instances they are chai actenstic of the condition so 
that the diagnosis should be suspected and roentgen examination should merely 
confirm the diagnosis 

That hiatal hernia occurs moie commonly than it is recognized has been noted 
particularly by Healy,^“ who emphasized the importance of diagnosing the con- 
dition correctly so that operations perfoimed because of a confusion of symp- 
tomatology would be avoided Pancoast and Boles,^^ Weitzen,^® and others 
have also commented on the importance of avoiding operation on the gallbladder 
or for peptic ulcer because of failure to recognize the true cause of the symptoms, 
that IS, hiatal hernia 

Roentgenologic recognition of a hiatal heinia even when the presence of the 
hernia is suspected from the clinical picture is not always possible At least 14 of 
our senes of patients had been examined by roentgenogram one or more times 
before the herniation was demonstrated Two others showed no evidence of 
herniation after medical treatment had been earned out for several months 
following demonstration of the hernia Levy and Duggan reported 4 of 26 cases 
in which previous roentgen studies had failed to show'- heiniation 

15 Ohnell, H Hernia diaphragmatica hiatus oesophagei vom intern khnischen Gesichts- 

punkt, Acta radiol 6 23, 1926 0 ^, 5 , 

16 Weitzen, M Diaphragmatic Hernia with Severe Anemia, Am J Roentgenol 2 a o 
(Dec) 1932 
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Failuie to realize the importance of herniation as the cause of the most disturb- 
ing symptoms present in conjunction with those from other pathologic conditions 
IS a common error Gastroenterostomy was performed in 1 patient because of 
the piesence of a duodenal ulcer, but a few years later the original complaints 
returned and a heinia was demonstrated A cholecystectomy not followed by 
lelief of symptoms was lecoided m a few instances Angina pectoris or coronal y 
infarction was believed to be present in several instances, but m only 1 case did 
an electrocardiographic tracing show evidence of coronary disease , the patient later 
died of an mfaiction A diagnosis of psychasthema was recorded in a surprisingly 
laige numbei of instances, apparently because of complaints, often extending over 
many years, for which no satisfactory explanation in the form of organic disease 
was demonstrated, although hiatal hernia was known to be present m a few 
instances 

Earlier m the paper it was mentioned that anemia as a symptom of hiatal 
hernia was next to pain (or discomfort of a sort sufficiently intense to be classed 
as pain) in frequency of occurrence An analysis of the blood was made m 
67 of the 72 cases of this series A diagnosis of pernicious anemia was made m 
7 instances and treatment by the usual methods completely conti oiled the blood 
levels In 2 other cases there was severe macrocytic anemia with a high color 
index, which may best be diagnosed as idiopathic macrocytic anemia 

Forty-seven, or 70 pei cent, of the 67 patients tested had hemoglobin levels of 
12 Gm or less and 4,000,000 or less eiythrocytes per cubic millimeter If one 
excludes the 7 patients with pernicious anemia, theie weie 40, oi 66 pei cent, 
with anemia of some degree Twenty-three patients, oi 34 3 per cent, had hemo- 
globin levels lower than 10 Gm and eiythrocyte counts less than 3,300,000 If 
the 7 patients with pernicious anemia are excluded, there were 16, or 26 6 per 
cent, with a severe anemia at some time during their observation, possibly caused 
by the hiatal hernia In several cases the determination of the blood levels was 
not done soon enough after a known hemorrhage to demonstrate the maximal 
degiee of anemia 

The cause for the presence of anemia was in some instances open to question, 
since a gross, seveie hemorrhage was not demonstrated m all instances of seveie 
anemia In a few cases a peptic ulcer or a caicmoma may have been the cause of 
the hemorrhage observed Eighteen patients were known to have gross and rather 
profuse loss of blood Two others became suddenly dizzy and fell because of 
weakness, but since neither one consulted a physician for several days, hemorihage 
was not demonstrated A guaiac test of the feces was made in 51 cases, in 18 
the result was negative, in 12 it was 1 plus, and in 21 it was 2 plus or stronger 

Peptic ulcer was diagnosed roentgenologically at some time m 9 patients One 
with an esophageal ulcer had moderately severe hemorihage and severe anemia 
Two with gastric ulcers had no demonstrable massive hemorrhage, but both 
had a positive guaiac test of the feces and slight anemia One of 6 patients with 
duodenal ulcers had seveial massive hemoirhages and became severely anemic 
after each The diagnosis of duodenal ulcei was made, but the hernia was not 
demonstrated before he was seen by one of us (W P M ) Roentgen studies at 
the Peter Bent Brigham Hospital demonstrated the herniation, but no ulcer could 
be visualized Two of his attacks of hemorrhage occurred m the early morning, 
aftei a night in bed, during periods when he was unusually tired, and a third 
follo\ved the lifting of some heavy boxes and furniture The patient was advised 
to have his hernia surgically repaiied in Older to prevent further hemorrhages 
Instead gasti oenterostomy w^as performed m another hospital after a fourth hem- 
orrhage, after which he died from embolism A positive guaiac test of the feces 
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was recoided for 3 others of the 6 patients with duodenal ulcers, none of whom 
was anemic 

One of the 2 patients -with carcinoma of the stomach had severe hemorrhage 
and vas severel) anemic The other one was not anemic 

It IS obvious that the demonstrated peptic lesions could not be responsible 
for the anemia in a high pei centage of instances and that both massive hemorrhage 
and anemia in this series of patients can piobably most commonly be explained 
on the basis of the hiatal hernia It is likewise evident that the anemia observed 
was the result of massive hemorrhage only in a small percentage of instances 
It seems likely that the anemia is often the result of prolonged loss of small amounts 
of blood from the congested esophageal oi gastric mucous membrane constricted 
within the esophageal hiatus Definite evidence of nutritional deficiency because 
of an inadequate intake or utilwation of food was lacking 

It IS difficult to deteimine the frequency of occurrence of anemia in hiatal 
hernia in the published senes because this aspect has been considered in but few 
Harrington® reported anemia m 11 per cent of 198 patients on whom he had 
operated for hernia The degree of anemia, however, was not mentioned He 
emphasized the importance of “secondai}” anemia as a clinical manifestation of 
hiatal hernia Cowan reported the presence of “secondary” anemia m 13 of 
45 cases reviewed but lecoided the blood levels in only 2 Maiks® found erythro- 
cyte levels below 4,000,000 in 7 of 29 patients but stated that not much attention 
w^as paid to the anemia Two of his patients had massive hemorrliage at some 
time Levy and Duggan reported anemia in only 1 of 26 patients observed 
Weitzen^® reported 2 patients wuth the association of anemia and hiatal hernia 
Segal reported 2 patients of his owm and 3 from the literature in whom the 
only symptom lesulting from hiatal hernia w’^as anemia He recorded 5 other 
cases from the literature in which anemia was present Gardner reported 6 
of his own patients and 22 found m the literature m wdiom severe anemia and 
hiatal hernia were associated No other possible cause for the anemia w^as demon- 
strated in 20 of these, although the figures recorded indicate that a high color index 
w'as present m 1 Blood levels are recorded for only 2 of 10 patients reported 
by Andrew's One of these W'as severely, the other moderately, anemic Neither 
ulcers nor hemorrhages were observed in her series Others have also reported 
isolated instances of anemia Since these are not related to any series of cases, 
the incidence cannot be determined 

There is some difference of opinion as to the cause of the anemia observed 
in patients with hiatal hernia Harrington “ spoke of hemorrhage as a not uncommon 
occurrence He expressed the belief that it is the result of an ulceration, usually at 
the lower end of the esophagus, produced by trauma of the incarcerated stomach 
He also expressed the belief that these ulcerations are rarely demonstrated by 
roentgen examination but more commonly by esophagoscopy Bock, Duhn and 
Brooke,®^ who reported the presence of “secondary” anemia m 10 patients with 
hiatal hernia made the comment “Bleeding may be from coexisting ulcer but is 
usually from mucous congestion ” 

17 Cowan, I I Diaphragmatic Hiatus Hernia, Am J Roentgenol 37 333 (March) 1937 

18 Segal, H L Secondary Anemia Associated with Diaphragmatic Hernia, New York 

State J Med 31 692 (June 1) 1931 

19 Gardner, K D Diaphragmatic Hernia Associated with Secondary Anemia, Am 1 
M Sc 185 561 (April) 1933 

20 Andrews, K S Diaphragmatic Hernia, with Report of Ten Cases of Oesophageal 
Orifice Hernia, Am J Digest Dis & Nutrition 2 310 (July) 1935 

21 Bock, A V , Dulm, J W , and Brooke, P A Diaphragmatic Hernia and Secondary 
Anemia Ten Cases, New England J Med 209 615 (Sept 28) 1933 
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The fact that anemia has not been previously associated commonly with hiatal 
hernia may lead to the impression that our series may be somewhat unusual 
in that many of the patients might have come to our attention primarily because 
of an unusual interest m anemia However, only 15 of the 72 patients are included 
from the private records of one of us (W P M ) The incidence of anemia 
m this senes of patients should lead to a more serious consideration of it as 
a symptom of hiatal hernia Hypochromic anemia for which no cause is readily 
demonstrated, particularly if associated with the symptom complex described, should 
lead one to suspect seriously the presence of a hiatal hernia 

Gastiic analysis was performed in only 34 cases, in 12 of which achlorhydria 
was shown whereas in 22 essentially normal amounts of acid were found Seven of 
the 12 patients with achlorhydria had pernicious anemia One patient showed 
achlorhydiia at a time when the heiniation was demonstrable by roentgenogram, 
but after a few months of therapy the hernia was not demonstiable, and free 
hydrochloiic acid was found to be present It seems likely that at the time of the 
fiist test the tube did not actually reach the secieting portion of the stomach This 
possibility must be kept m mind if the gastric test shows achlorhydria 

Disease of the gallbladder was diagnosed by loentgen examination in 13 patients 
of the series, and a diagnosis of carcinoma of the gallbladder was made in 1 of 
these Diverticulosis of some poition of the digestive tract was demonstrated m 16 
There is no reason to believe that any of these conditions was the cause of the 
anemia 


Tieatment — Surgical inteivention may be necessaiy in some instances and is 
desirable particularly if the symptoms indicate that the the hernia is becoming more 
severe It is a treatment of necessity when there is incarceration of the stomach 
in the esophageal hiatus with symptoms of obstruction and with recurience of 
severe hemorrhage Ohnell found that 10 of 24 patients whose cases were 
reviewed as recoided in the liteiature died from sti angulation of the hernia and 
that 2 died from inanition He advised medical treatment only for those whose 
condition was unsuited to suigical treatment Key and also Pancoast and Boles 
expressed the opinion that surgical operation is the only effective treatment except 
in the case of congenitally short esophagus Harrington ^ likewise supported the 
concept that surgical operation is the treatment of choice whenever it may be 
expected to be successful He has reported 198 cases in which he operated 

The reports found in the literature present little information concerning either 
the death rate following operations or the extent of successful results in controlling 
symptoms from which one may draw conclusions in regard to the compaiative 
value of suigical and medical management Jones® expressed the belief that treat- 
ment should be essentially medical and that phrenicectomy or surgical repair is 
justified only for the large hernia or when medical measures fail 

As a result of the evidence presented in our series of cases and particularly as 
a result of actual use of medical management for those under the private care of 
one of us (W P M ) it may be concluded that the great majority of patients, 
particulaily dm mg the eailier stages of herniation, may be controlled satisfactorily 
by medical treatment piovided the complete cooperation of the patient is obtained 
The more severe manifestations, therefore, should be avoided 
Medical management should include the following 

At first the patient should be given a diet Iom in roughage, with avoidance of 
solid foods , later the diet should be increased to include some moderately rough and 


22 Key, E Hernia diaphragmatica hiatus oesophagei 
Gesichtspunkt, Acta radiol 6 35, 1926 


vom chirurgisch-therapeutischen 
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coarse foods Such a diet may include piireed vegetables It should be divided into 
five or SIX small meals daily latbei than the customary three larger ones At no 
time should the stomach be overloaded Loss of weight will be desirable in the 
obese patient 

Patients should be advised to rest before meals Although some may be able 
to recline, many will feel better resting m a sitting position or partially reclining 
In no case should the patient recline soon after a meal Those patients vhose 
symptoms occur at night or on leclining mil be benefited by sleeping in a senii- 
reclming position This may be accomplished by banking pillows, laising the head 
poition of the mattress, or laismg the head of the bed on blocks 3 or 4 inches 
(7 5 or 10 cm ) high 

The patient should be cautioned against lifting heavy objects or lifting any 
object from a bending over position All straining and other pronounced physical 
effort should be avoided, particularly if the patient is obese 

The hypochromic anemia resulting from loss of blood should be treated in the 
usual mannei with optimal doses of iron 

COXCLUSIONS 

Hernia at the esophageal hiatus is sufficiently clearcut and distinct symp- 
tomatically from the commonly recognized pathologic conditions of the uppci part 
of the abdomen and of the thorax that it should be more frequently included in 
the differential diagnosis of disease in these legions 

Anemia is so commonly associated with hiatal hernia that its presence may be 
logically explained on the basis of the hernia, and it must be considered an 
important aid in the diagnosis It is usually hypochromic and the result of hemor- 
rhage arising from ulceration of the esophageal or of the gastric mucosa or from 
congestion of the mucous surfaces, produced in either case by mechanical inter- 
ference by the esophageal hiatus 

The important role of hiatal hernia in the production of certain distressing or 
incapacitating symptoms and of anemia should be recognized, so that proper medical 
treatment may be instituted for their relief, which may also pi event the occurrence 
of the more serious manifestations of the condition 


811 Beacon Street, Boston 



ASSOCIATION OF CIRRHOSIS, THROMBOPENIA 
AND HEMORRHAGIC TENDENCY 


CARL G MORLOCK, MD 

AND 

BYRON E HALL, MD 

ROCHESTER, MINN 


The hemorrhagic phenomena, so often a complication of hepatic disease, has 
long presented a serious medical problem, particularly when the disease is severe 
and of long duration The isolation of vitamin K and its application to control 
of the hemorrhagic tendency in hepatic disease created the impetus for study which 
has increased appreciation of the role of the liver in the synthesis of factors neces- 
sary for normal coagulation of blood For many years thrombin has been known 
to play a definite part in coagulation of blood, and its precursor, prothrombin, has 
been shown to be a product of hepatic metabolism It now is known that a normally 
functioning liver is one factoi necessaiy for the maintenance of a normal level 
of prothrombin in the plasma ^ 

Experimentally and clinically, it has been demonstrated that in Certain diseases 
of the liver, a diminished level of prothrombin m the blood often is restored to 
normal if an adequate amount of vitamin K is made available However, in 
severe parenchymal damage to the liver, it is not uncommon to find that despite 
availability of adequate vitamin K, an adequate concentration of prothrombin cannot 
be maintained in the blood plasma This lack of response to the administration 
of vitamin K can be used as a clinical measure of the degree of hepatic damage 
present The quantitative response of prothrombin formation to the administration 
of vitamin K parallels the clinical state of the liver, and it has been suggested that 
this response be used as a test to aid in differentiating jaundice due to primary 
mtrahepatic disease from that secondary to obstruction of the biliary passages 

Because of the known effect of the administration of vitamin K on the main- 
tenance of a normal level of prothrombin m the blood m hepatic disease, the 
administration of this vitamin often is thought to be all that is necessary in 
cases of such disease to insure a normal clotting time of the blood, and it is 
forgotten that other factors essential to the complicated physiologic process 
of blood clotting may be deficient or absent and by their lack prevent normal 
clot formation This truth recently was brought rather forcibly to our attention 
in case 1 


Case 1 — ^A woman 46 years of age for approximately twentj years had experienced recurrent 
attacks of epigastric pain without jaundice Three years prior to her arrival at the Mayo Clinic 
she had undergone cholecystectomy for calculous cholecystitis, the common duct was not 
explored Jaundice followed this operation, and, to correct this, one month later, in May 1938 
the common duct was explored and a T tube was inserted The jaundice cleared and did not 
return as long as drainage was adequate through the T tube In April 1939 an unsuccessful 
attempt was made to anastomose a hepatic duct to the gastrointestinal tract Jaundice recurred 


From the Division of Medicine, the Maj'O Clinic 

Read at the First Annual Meeting of the American Federation for Clinical Recpprrt. 
Minneapolis, April 20, 1942 Jxesearcn, 

1 Andrus, W D , and Lord, J W , Jr Clinical Investigations of Some Factors Causine- 

Prothrombin Deficiency Significance of the Liver in Their Production and Correrfmn Ar^if 
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and never entirelj cleared after this procedure A final unsuccessful attempt to establish a 
connection between the biliary sjstem and the gastrointestinal tract was made in April 1940 

The patient registered at the clinic in October 1941 because of persistent jaundice, attacks 
of chills, fever, pruritus and colicky pain m the right upper quadrant of the abdomen, which 
would extend into the right subscapular region if severe She did not give a history of a 
tendency to bleed 

On examination the patient was seen to be inarkcdlj jaundiced, the skin had the character- 
istic bronzing of long-standing icterus Tlie right side of the diaphragm was elevated to the level 
of the Sixth rib posteriori} and was immobile The liver and spleen were enlarged and firm, 
their bordeis extended approximately 6 cm below the costal edge The blood pressure was 
normal The flocculation test for syphilis gave negative results, albuminuria, grade 2, was 
present Roentgenograms of the stomach and colon revealed nothing abnormal That the liver 
was damaged considerablv was evidenced by a total excretion of hippunc acid of 1 4 Gm , as 
compared with a normal excretion of approximately 3 Gm ilacrocjtic hjpochromic anemia 
with 9 75 Gm of hemoglobin per hundred cubic centimeters of whole blood vv as present The 
serum bilirubin amounted to 15 2 mg per hundred cubic centimeters The qualitative van den 
Bergh reaction was direct Several preoperative estimations of the prothrombin time by the 
Quick method gave results varving between seventeen and twentv -three seconds, as compared 
with a normal v ahic of nineteen seconds 

It was felt that further surgical exploration of the biliarv svstem was advisable, and to this 
end the patient was prepaied m the usual manner bv means of a diet high in carbohvdrate, low 
in fat and moderate in protein content Ten per cent solution of dextrose to which was added 
thiamine chloride, nicotinic acid amide and ascorbic acid was administered intravenouslj A daily 
dose of 3 2 mg of 2-mclhvl-l, 4-iiaphthoiivdroquinonc-3-scduim sulfonate was administered intra- 
v'enouslj for two weeks as a source of vitamin K The Quick prothrombin tunc was normal 
on the da} of operation Incision was made through the old abdominal scar, which was found 
to be thick and dense At the outset bleeding was encountered so profuse that all the usual 
measures to control it were unsuccessful It therefore was necessar} to discontinue the operation 
The surgeon remarked that the bleeding was so continuously severe that it demonstrated a lack 
of all tendency to clot The hemorrhage was controlled finally b} pressure, the wound was 
closed and a transfusion of 500 cc of whole blood was given The patient made a satisfactor} 
convalescence, and no further tendeiic} to bleed was evident during the remainder of her stav 
in the hospital 

Our interest was roused b} the unusual complication, and further studies were made of the 
bleeding and coagulating factors of the blood during convalescence Two platelet counts by 
the citrate method were, respectively, 68,000 and 56,000 per cubic millimeter of blood The 
bleeding time was recorded as six minutes and three and a half minutes on two estimations, 
the coagulation time was eight minutes, the clot retraction was partial in twenty minutes and 
complete in fifty minutes These values arc essentiallv normal with the exception of the obvious 
reduction in the number of thromboevtes present 

Here, then, was a case m which theie was no suggestion befoie opeiation of an 
unusual tendency to bleed Moi cover, the Quick prothrombin tune was normal, 
and this we have learned to recognize as a safe index of the clotting power of the 
blood of jaundiced patients If before operation we had been unduly apprehensive 
about the hemorrhagic tendenej^ and perfoimed more detailed studies of coagulation 
time, bleeding time and the number of thrombocytes, our suspicions probably would 
not have been aroused, because these values, of wdnch all but the last w’^ere normal 
duiing the convalescent period, probably would have been the same immediately 
before operation Fortunately, such a serious hemorrhagic tendency is not often 
encountered in cases of jaundice when the prothrombin time is normal and an 
adequate supply of vitamin K has been administeied Since the thrombocytes were 
the only constituent of blood known to be grossly abnoimal, it appeared to us that 
depletion of them was a significant factor m the hemorrhagic tendency in this case 
This observation seemed to deserv'e further consideration in oi der that the frequency 
with which significant thrombopenia is present in cases of severe disease o t^ 
liver and its relation to the tendency to bleed m these cases might be determine 



MO RLOCK-HALL—HEMORRHA GIC PHENOMENA 


71 


Snell, Vanzant and Judd - in 1930 called attention to the occunence of severe 
thrombopenia in a case of long-standing hepatic disease and noted that the depiession 
of the thiombocytes in the blood uas paiallel to the hemoiihagic tendency We 
are reviewing briefl} this case, wdnch elscwdieie is rccoided in detail,- because it 
represents one of the fust obsenations of a significant reduction in the blood 
platelets in a case of seveie hepatic damage 

C\SE 2 — A ^\oman 29 je.irs of age had had cholccj stcctonij^ for calculous cholecystitis one 
%ear prior to her admission to the Alavo Clinic Bile began to drain from the wound on the 
third postoperative da\, and jaundice appeared after permanent closure of the biliary fistula 
ten months later Deepening of the jaundice was accompanied bj mild purpuric manifestations 
and a tendencj to increased menstrual bleeding 

On examination, in addition to the jaundice and purpuric nianifcstations, mild secondary 
anemia w’as noted After preparation choledochostomj w'as performed for benign stricture of 
the common duct, and a T tube was left in place After operation the tendency to hemorrhage 
was great and was controlled onlv bj’’ repeated transfusions of blood The patient made a good 
recovery and was allowed to return home When she w'as seen three months later, her serum 
bilirubin was found to be 2 7 mg per hundred cubic centimeters, and 'the coagulation time w'as 
shghth ele\ated (tw’ehe and one-half minutes) The fistula had continued to dram copious 
amounts of bile, and her general health was much improved 

The fistula closed spontaneoush fiic months after the operation, and the patient immediately 
returned to the clinic At this examination the jaundice had alrcadj definitely increased , the 
serum bilirubin was 4 7 mg per hundred cubic centimeters A few' days after admission bleeding 
began from the gums, nose, skin and uterus, and signs of meningeal irritation appealed, wdiich 
were interpreted as being due to meningeal hemorrhage The patient became semicomatose and 
manifested irritability, photophobia and diplopia, and Kcrnig’s sign was present Repeated 
transfusions of blood caused temporary improvement Drainage of bile was reestablished, but 
there was no improvement m the coagulation factors of the blood The number of blood 
platelets per cubic millimeter of blood, which had been 198,000 wdien the patient w'as first exam- 
ined, now' ranged between 40,000 and 94,000 The bleeding time determined by the usual technic 
was normal, but wounds in the skin frequently reopened and bled many days after the puncture 
was made The prothrombin time greatly increased The tourniquet test gave slightly positive 
results, and the coagulation time laried from twenty to forty minutes The clot, once it w-as 
formed, was normal Fue weeks after the first signs of meningeal irritation the patient 
suddenh became somnolent Puncture w'ounds a week old dribbled blood in a steady stream, and 
the entire body was covered with great regions of ecchyinosis The \enous blood became 
virtually incoagulable, and death finally resulted 

At necropsy, in addition to the jaundice and external CMdencc of bleeding noted during 
life extensne hemorrhages were found throughout the gastrointestinal tract, the peritoneal 
cavity, the substance of the lungs and the mucous membiane of the urinary bladder, and there 
W'as evidence of severe hemorrhages, both old and new. in the dura mater, the arachnoid and the 
substance of the brain The histologic picture of the liver was that of biliary cirrhosis 

The authors m their comment diew' particular attention to the depression of 

the thrombocytes in this case, although they did not claim that this factoi was 

the most significant one m the hemorrhagic tendenc} In the light of present 

know'ledge of the value of vitamin K m such cases it is appaient that die administra- 
tion of this vitamin probably could have changed the clinical course The pro- 
thrombin time yvas markedly inci eased, and it is probable that inadequate synthesis 
of prothrombin by the liver was responsible for the depletion of the piothrombin 
level m the blood This inadequate synthesis of piothiombin can be attributed m 
part to the severe hepatic damage and m part to the inability to utilize what vitamin 
K was piesent, because of the complete exclusion of bile fiom the intestinal tract 
for such an extended peiiod It is significant, hoyvevei, that a piofound depletion 
m blood platelets also w'as piesent, and this additional factor undoubtedly con- 
tributed in part to the severe hemoiihagic tendency 

These 2 cases represent a distinct type of serious hepatic disease, and in both 
of them significant thiombopenia was associated In case 1 the lesion was essentially 

2 Snell, A M , Vanzant, F R , and Judd, E S The Complications and Sequelae of Pro- 
longed Obstructive Jaundice, M Clin North America 13 1417-1438 (May) 1930 
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biliary cinhosis secondaiy to severe obstructive jaundice of long standing, m 
case 2, theie was in addition to seveie biliaiy cirrhosis the factor of prolonged 
extensive loss of bile from the external fistula That an equally significant depletion 
in the thrombocytes in the blood with a tendenc} to bleed is associated with severe 
hepatic damage of a different t}pe is demonstrated in case 3 

Case 3 — A farmer aged 53, witli a good family and personal history, experienced recurrent 
epigastric distress for fifteen years He was a moderate user of alcohol and tobacco Five 
months before he came to the clinic he noted an exacerbation of his epigastric distress and 
progressive abdominal enlaigement Coincident with the enlargement of his abdomen purpuric 
manifestations became evident in tlie lower extremities, and these were more marked when he 
spent a great deal of time on his feet On examination, he was obese, the abdomen was pro- 
tuberant and dull to percussion and a fluid wave was demonstrable The luer and spleen were 
palpably enlarged Scattered petecliiae were observed on the lower extremities, there was 
cervical and axillarv lymphadenopathj The blood pressure w^as 100 mm of mercurj sjstohc 
and 64 mm diastolic The Kline flocculation test of the blood serum gave negative results 
The urine was normal The concentration of hemoglobin vv'as 13 5 Gm per hundred cubic 
centimeters of w’hole blood The number of leukocytes and the differential count were within 
normal limits , there was macroc} tosis The concentration of serum bilirubin was 1 4 mg per 
hundred cubic centimeters, with an indirect van den Bergh reaction The bromsulphalan test 
of hepatic function showed retention of dye, grade 1 The bleeding time was one and a half 
minutes, and the Lee-White coagulation time was nine and a half minutes The Quick pro- 
thrombin time was twenty-two seconds, as compared with a normal of twenty seconds The 
number of blood platelets per cubic millimeter of blood estimated on four successive days was 
respectively, as follows 78,000, 124,000, 100,000 and 87,000 The values for blood urea, plasma 
cholesterol and cholesterol esters were, respective!}, 28, 225 and 155 mg per hundred cubic 
centimeters The serum protein was 7 Gm per hundred cubic centimeters, with an albumin- 
globulin ratio of 1 14 Peritoneoscopy and abdominal paracentesis were performed as a com- 
bined procedure A considerable quantit} of straw-colored ascitic fluid was removed, and the 
liver was seen to be involved by an extensive hobnailed cirrhosis grade 4 The patient was 
treated by the usual medical measures for cirrhosis, but he failed progressive!} and died six 
months later 

CIRRHOSIS or THE LIVER 

These observations induced us to review the records in a series of cases of 
cinhosis of vaiious types to see how often we would find a significant reduction 
in the blood thiombocytes in association with sev'eie chionic hepatic disease The 
majority of the cases studied were cases of portal cirrhosis, although some were 
included in which severe damage to the hvei, so-called biliary cirrhosis, was 
secondary to an obstruction of the common duct of long standing In the last- 
mentioned cases various degrees of clinical jaundice were associated with various 
elevations of the serum bilirubin In each case of poital cnrhosis, injury of the 
liver was indicated by significant retention of the bromsulphalein dye at the end 
of one hour, and subchnical jaundice usually was associated with onl)’- slight elev’^ation 
above normal of the seium bilirubin 

For this study we reviewed 80 cases of cinhosis in wdiich the blood platelet 
count had been recorded The counts were made by the citiate method With 
this method we have considered the noimal concentration of platelets in the blood 
as fiom 150,000 to 300,000 per cubic millimeter Counts varjnng from 100,000 
to 150,000 were designated as borderline and those less than 100,000 as constituting 
a state of thrombopenia Since it is known that serious bleeding may occur either 
spontaneously or as a result of minor trauma when the platelet count falls to less 
than 50,000, the counts varying from 50,000 to 100,000 were designated as sub- 
normal and those less than 50,000 as critical In 33 (41 3 per cent) of these SO 
cases (table 1) bleeding of any kind did not occur In 2 (61 per cent) of these 
33 cases there was definite thrombopenia In 28 cases (84 8 per cent) of those 
in which there was no bleeding tendency the platelet count was consideied normal 
The platelet count did not fall below the critical level in any case in this group In 
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47 (58 7 pei cent) of the 80 cases of ciiihosis a tendency to bleed was found 
(table 1) In 12 of these cases (25 5 pei cent) a definite thiombopenia was present 
In 2 cases the count was below the critical level, being 39,000 and 40,500 respec- 
tively In only 20 cases of this group (42 6 per cent) w^as the platelet value 
normal Bleeding was most commonly from the gastiointestmal tiact but also was 
recoided as coming fiom the gums, nose, lungs and uiinaiy bladder and occurred 
into the conjunctival sac and into the skin as puipuiic spots and ecchymosis 

It IS immediately apparent that the peicentage incidence of a normal platelet 
^alue 111 cases of cirrhosis wnthout bleeding w^as twice that in cases in wdiich some 
degree of bleeding occurred In 20 (41 6 per cent) of 48 cases in which the 
platelet count w^as normal, some bleeding tendency w'as piesent In a total of 18 


Tmile 1 — Platelet Count iii Cases of Cm hosts of the Ltvei With and Without Bleeding 


Blood Platelet Count, 
per Cu Jim 

Total Cases 

With Bleeding Without Bleeding 

I*"" ' ■ ■ ^ 

Jutnher Per Cent 

/■ N ^ ”* » 

Cases Per Cent Cases Per Cent 

Less than 60,000 

50.000 to 100,000 

100.000 to 150,000 

130.000 and over 

2 2 5 

12 15 0 

IS 22 5 

•IS COO 

o 

10 

]■) 

20 

43 

212 2 Cl 

31 9 1 91 

42 C 28 84 8 

Total 

so 100 0 

47 

100 0 33 100 0 

Mean count 

iotIooo 


ICj'oOO 242',000 


Table 2 — Cut hosts Relation of Platelet Count to Bleeding Time and Lec-Whitc 

Coagulation Tunc 


Blccdinp Tjino Leo White CooBulation Time 

* * 


Blood Platelet Count, per Cu Mm 

Cases 

Time LIo\ ated • ' 

^ 

Cases Per Cent 

Oases 

Time Elevated t ' 

< \ 

Oases Per Cent 

Less than 100,000 

9 

3 

33 3 

5 

1 

20 0 

100,000 to 150,000 

9 

> 

>3 o 

9 

1 

11 1 

150,000 or more 

30 

8 

20 7 

2G 

5 

19 2 

Total 

45 

14 

29 2 

40 

7 

17 5 

Hemorrhagic manifestations 

28 

0 

321 

23 

17 

4 

17 4 

No hemorrhagic manifestations 

20 

5 

25 0 

3 

17 C 


* Any value ot more than three minutes was considered elevated 
i An> value oi more than ten minutes was considered elevated 


cases the count w^as borderline, and in 15 (83 3 per cent) of these bleeding tended 
to occur In 10 (83 3 per cent) of the 12 cases in which the count was subnoimal 
there was a tendency to bleeding In both cases m which a critical count w'as 
found bleeding occuned It is evident that of the cases of cirrhosis studied the 
tendency for some hemorrhagic manifestation to occur was twuce as great in those 
in which the platelet count was subnoimal oi boideiline as in those cases in wdiich 
it was in the normal range 

The prothrombin time was estimated m 6 cases , in 3 of these bleeding had not 
occurred and in 3 bleeding of some type was noted The prothrombin time was 
elevated m all but 2 cases, 1 fiom each group Since the estimation had been made 
so infrequently, the incidence cannot be considered significant In 48 cases the 
bleeding time was estimated (table 2) It was increased m about 32 1 per cent 
of the cases in which a hemorrhagic tendency was manifested and in only a slightly 
less percentage of cases (25 per cent) m which hemorrhage did not occur This 
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estimation was too infiequently made to permit any conclusion to be drawn as to 
the significance of the apparently greater incidence of an elevated bleeding time in 
the cases of thrombopenia as compared with the cases in which the platelet count 
was more than 100,000 per cubic millimeter in the group in which hemorrhagic 
manifestations occurred The Lee-White test of the coagulation time was of little 
help m an evaluation of the tendency to bleed in cases of cirrhosis, as is evident 
by the analysis of 40 cases m which it was performed (table 2) 

SPLENIC ANEMIA ® 

We also reviewed a gioup of cases of splenic anemia, because of the constant 
association of hepatic cirrhosis in them We analyzed the records m a series of 50 

Table 3 — Platelet Couat in Cases of Splenic Anemia With and Without Bleeding 


Total Cases WStb BlccdmE Without Bleeding 

Blood Platelet Count, , ’ , , — s— , , — , 

per Cu Mm humlier Per Cent Isumbcr Per Cent Number Per Cent 


I/iss than 60,000 

1 

20 

1 

2C 



60,000 to 100,000 

22 

41 0 

IS 

40 2 

4 

30 4 

100,000 to 150,000 

14 

28 0 

11 

28 2 

3 

27 2 

160,000 or more 

13 

20 0 


23 0 

4 

30 4 

Total 

50 

lOOO 

",9 

100 0 

11 

100 0 

Mean count 


126,000 


' 

119,000 


— y_— ^ 

160 000 


Table 4 — Splenic Anemia Relation of Platelet Count to Bleeding Time and Lec-Whitc 

Coagulation Time 


Bleeding Time Lee White Coagulation Time 

Jl — A 



/ 

Time Elevated * 

' 

Time Elevated t 

Blood Pialelet Count, per Cu Mm 

Cases 

Cnecs 

Per Cent 

Cases 

r 

Onscs 

Per Cent 

Less than 100,000 

13 

3 

23 0 

4 

1 

25 0 

100,000 to 150,000 

9 

0 

100 0 

4 

0 

00 

150,000 or more 

G 

0 


1 

0 

— —— 

Total 

28 

12 

42 9 

9 

1 

11 1 

Hemorrhagic manifestations 

23 

10 

43 5 

7 

1 

14 3 

No hemorrhagicmanifestatlons 

5 

O 

40 0 

o 

0 



* Any value of more than three minutes was considered elevated 
t Any value of more than ten minutes was considered elciated 

cases m which platelet count was recorded prior to splenectomy (table 3) In 11 
(22 per cent) bleeding had not occurred In 4 of these 11 (364 per cent) there 
was definite thrombopenia, in 4 the platelet count -was normal In 39 cases a 
tendency to bleed w^as present In 19 of these cases (48 8 per cent) definite 
thrombopenia was present, and in 1 the count was below the critical level In 9 
cases (23 per cent) m which some form of bleeding had occurred the platelet 
count was normal In the cases of splenic anemia the bleeding w^as most frequently 
from the gastrointestinal tract, although it also occuired from the gums, nose and 
vagina and into the skin and the sclera of the eye It is noteworthy that the 
percentage incidence of thrombopenia is definitely higher m the cases in which 
there was a hemoirhagic tendency than in those in which bleeding did not occur, 

3 In this communication the term splenic anemia is applied to that group of conditions 
sometimes termed Banti’s disease, in which there is a marked anemia and splenomegaly and 
associated leukopenia In all of our cases hepatic cirrhosis was present 
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alt’ioagh the contiast is less striking than it was in the cases of ciiihosis of the 
iivei pieMOusly cited In onlj 3 cases was a lecoid made of the piothionibin. 
time, and m eveiy instance this was noimal In this group of cases, as in those 
of ciiihosis. an estimation of the bleeding time ^^as an unieliable index of the 
bleeding tendency (table 4) This comment applies also to the Lee-White coagu- 
lation time (table 4) although it is apparent that these factois weie estimated too- 
mfrequently to piovide the basis for any deduction 

COMMENT 

Thrombopenia occurred m a significant percentage of cases of splenic anemia. 
This IS m accord with the obseivations of others It is woith> of comment that 
111 oui cases of hepatic cirihosis definite thrombopenia occurred in 17 5 per cent, 
although this incidence is less than half that m the cases of splenic anemia, it is. 
significant The fact that when the incidence of hemorrhagic phenomena is com- 
pared 111 regard to cirrhosis (58 8 per cent) and splenic anemia (78 pei cent) it 
IS greatest m the cases in which the incidence of thrombopenia is highest does not 
seeiii to us a chance observation 

Kmg^ 111 1929 studied 100 cases of poital ciirhosis and found that in 72 a 
recoid of the iiumhei of blood platelets had been made It was subnormal in 20 
per cent This figure compares i\ith an incidence of thrombopenia of 17 5 per 
cent 111 oui cases of hepatic cirrhosis In King’s senes abnormal bleeding and 
clotting times Mere noted concurrentl} M'lth a subnormal platelet count in only 2 
cases lioMar® found a definite diminution of the platelet count m 50 pei cent 
of a small series of cases of ciiihosis but found no constant relation betM^een the 
reduction of the platelet count and an alteiation m the bleeding time Abiami® 
noted a tendency tOM'ard thrombopenia in hepatic disease Alt and SM^ank ^ noted 
almost complete disappearance of thrombocytes with puipura m a case of catarrhal 
jaundice Alt Carroll and Doherty ® noted a similai case in Mdiich severe hemor- 
rhagic manifestations M'ere present Fellinger and Khma observed tin ombopema 
in chnical cirrhosis of the liver Expeiimental substantiation of these clinical 
obseivations occurs in the report of Higgins and Stcisney,^” mIio found that when 
cirrhosis of the liver M'as produced in rats by the administration of caibon tetra- 
chloride the thrombocytes in the peripheial blood stieam diminished and that Mdien 
seveie cirrhosis occurred the numbei of thrombocytes M'as reduced to almost a 
third oi normal 

It therefoie appears that the thrombopenia Minch is an accompaniment of seveie 
hepatic disease in a significant percentage of cases is not an unimportant 
phenomenon We have seen in the summaries of the cases lepoited and in the 
analysis of the group of cases studied that this tin ombopema appears to play some 
part in the tendency to bleed which often is manifest in these cases Since the 

4 King, R B The Blood Picture in Portal Cirrhosis of the Liver A Report Based on 
One Hundred Cases, New England J Med 200 482-484 (March 7) 1929 

5 Howar, B F Hematologic Studies in Liver Disease, T Iowa M Soc 28 148-150 
(April) 1938 

6 Abrami, P Le purpura des hepatiques, Ann de med 37 71-79 (Jan ) 1935 

7 Alt, H L , and Swank, R L Thrombopemc Purpura Associated with Catarrhal Jaun- 
dice Report of a Case, Ann Int Med 10 1049-1054, (Jan ) 1937 

8 Alt, H L , Carroll, H B , and Doherty, C C Thrombopemc Purpura Associated with 
Catarrhal Jaundice, Northwestern Univ Bull , M School 14 183-186, 1940 

9 Fellinger, K , and Klima, R Lebercirrhose und Anamien, Ztschr f khn Med 126 
547-567, 1934 

10 Higgins, G M , and Stasney, J The Peripheral Blood in Experimental Cirrhosis of 
the Liver, Folia haemat 54 129-144 (Feb ) 1936 
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only known function of the blood platelet is concerned with the mechanism of 
blood clotting, it is readily apparent that a considerable disturbance from normal 
of this constituent of blood may have impoitant effects For example, lupture of 
an esophageal varix would be an especially serious complication m a case in which 
the platelet count was less than 50,000, because there would be little if any tendency 
for a clot to form, even if the platelet count were between 50,000 and 100,000, 
the formation of a firm clot would be seriously unpaired Best and Taylor “ 
suggested that perhaps one of the functions of the platelets in the mechanism of 
Diced clotting IS then liberation of the important substance prothrombase Eagle 
stated that the physiologic lole of the platelets m coagulation is their enormous 
acceleration of the production of thrombin Whether a platelet factor actually 
combines ^\ ith prothrombin or merely accelerates a reaction which proceeds slowly 
even without it is not known Consideration of the exact biochemical role which 
the blood platelets play is not within the purpose or scope of this paper That 
the blood platelet is important and that a normal concentration is necessary 
in the maintenance of normal health is apparent when one considers such clinical 
manifestations of abnormal concentrations as thrombopemc purpura and its 
hemorrhagic complications Since it is evident that a significant degree of thrombo- 
penia coexists with severe hepatic disease in some cases, it is immediately apparent 
that this factor at tunes may modify seiiously and complicate the hemorrhagic 
tendency, which has so long been a stumbling block m the care of patients who 
have severe hepatic damage That the one factor of thrombopema apparently can 
be the basis for a severe hemorrhagic tendency is suggested m case 1 It is well 
known that m serious hepatic damage associated with disturbance m the pro- 
thrombin level of the blood, adequate administration of vitamin K sometimes -is 
ineffective m lectifymg the lack of prothrombin It has been suggested that this 
failure is due to an inability on the part of the severely damaged liver to utilize the 
vitannn in the synthesis of prothiombm It is well to remember, however, that 
even though the administration of this vitamin brings about a normal state of 
prothrombin m the blood, there may still be the hazard of hemorrhage from other 
equally important associated factors Foitunately, this problem does not confront 
one often in cases in which surgical inteivention is needed However, we feel 
that this study serves to emphasize that in cases of severe hepatic disease more 
than one factor may be at fault m bi mging about an abnormal state of coagulability 
of the blood, it emphasizes the need to evaluate these cases from every standpoint 
and suggests that, although general understanding of the bleeding tendency in 
hepatic disease has been much improved m recent years, the problem is not solved 
completely Undoubtedly other avenues of investigation must be explored before 
one can hope to reach a complete understanding of this complicated and important 
matter 

SUMMARY AND CONCLUSIONS 

It IS important to call attention to the possibility that factois other than the 
concentration of prothrombin may be of significance m explaining the aberrations 
from normal noted m the mechanism of coagulation of blood m cases of severe 
damage to the liver Our attention was recently turned to the possibility that 
thrombopema might be an important factor in explaining the severe hemorrhagic 
tendency sometimes encountered in hepatic disease A series of 80 cases of hepatic 

11 Best, C H, and Taylor, N B The Physiological Basis of Medical Practice A Uni- 
versity of Toronto Text in Applied Physiology, Baltimore, William Wood & Company, VH/ 

12 Eagle, H Studies on Blood Coagulation I The Role of Prothrombin and of Platelets 
in the Formation of Thrombin, J Gen Physiol 18 S3I-S4S (March 20) 1935 
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cinhosis \\as leviewed and definite thrombopenia was found m 17 5 per cent 
Although a definite hemonhagic tendency was evident m many of these cases 
regardless of the level of the blood platelets, it was lelatively twice as frequent 
alien thrombopenia was associated However, a hemorrhagic tendency is not 
exhibited in all cases of thrombopenia, foi m 2 of a total of 14 cases of cirrhosis 
and thrombopenia bleeding of any kind did not occur 

The records m 50 cases of splenic anemia also weie studied The incidence 
ot thiombopema uas highei than m the cases of cinhosis, and the incidence of 
bleeding uas increased coi respondingh In these cases, as m those of ciirhosis, 
the tendenc}' to bleed uas gi eater with a significant reduction in the level of 
thiomboc} tes 

W'q. behe^e that the diminution of the blood platelets m seveie hepatic disease 
of long standing is not a chance and unimportant finding In our study we did 
not discover an explanation for this alteration, but w^e feel that m its presence the 
bleeding hazard is definitely inci eased Our observations ser\e to emphasize the 
complexity of the important problem of bleeding m hepatic disease and suggest 
that further exploration of the \anous factors concerned wull be necessary to 
clarify it 

The Ma\o Clinic 
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I REVIEW or THE INCIDENCE OF SYPHILIS IN AUTOPSIES ON ADULTS 
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Clinical investigations of the biology of syphilitic infection have been directed 
essentially to the elucidation of the pioblems of diagnosis, therapy and its compli- 
cations, end results and seiology B)' its veiy nature, the clinical approach has 
been practically limited to the stud} of the disease in the viable host, and as a 
result many tangential issues have received no more than cursory and scattered 
attention It is apparent that the coordination and correlation of the clinical 
aspects of the disease with the observations at autops} will throw light on many 
problems which are still in the penumbra of knowledge How frequently do per- 
sons with clinically diagnosed syphilis present morphologic evidence of syphilis 
at autopsy^ What is the relationship betw'een clinical cure and morphologic 
lesions at deaths How' often does a person with clinically diagnosed syphilis die 
as a direct result of his disease, and how' often is the disease a contributory or a 
noncontributory factor in causing death ^ Is the distribution of the causes of death 
among persons with syphilis, apart from this disease, any diffeient from that of 
the nonsyphihtic population^ Of corollary interest, does syphilis confer any sus- 
ceptibility or resistance to other diseases^ What for instance, is the probability 
of death from cancer or from other morbid processes among syphilitic as com- 
pared with nonsyphihtic persons^ Is there any correlation betw’’een serologic 
observations and morphologic evidence of syphilis at death'? How does the 
longevity of the syphilitic person compare Avith that of the nonsyphihtic? 

A stimulating paper by Moore ^ tersely summarized many unknowns in syph- 
ilology and indicates the range of our primary interest 

In spite of 400 years of study, we still do not know the actual importance of syphilis 
as a cause of death To what extent does death directly from syphilis mas- 

querade under other diagnoses , or to what extent is syphilis an indirect cause of death from 
other conditions? 

The modern necropsy studies of si'phililic patients, such as those of Wartliin, provide no 
answers to these questions Such studies, w'hile revealing a very high incidence of lesions 
of syphilis, especially m aorta, heart, meninges and testes, provide no correlation between the 
clinical status and the necropsy findings, no information as to cause of deatli, and no data 
as to the kind and amount of treatment, if anj"^, given during life What is clearly here 
needed is a detailed study of both clinical and necropsy data m a very large series of patients. 

Aided by a grant from the Venereal Disease Division of the United States Public 
Health Service 

From the Department of Pathology, Yale University School of Medicine, New Haven, 
Conn , and the Laboratories of the New Britain General Hospital, New Britain, Conn 

Since this paper was submitted, two reports in the series have been published Black- 
Schaffer, B , and Rosahn, P D Studies in Syphilis II Methods of Anab'sis of Yale Autop^ 
Protocols, Including a Code for the Punched Card Study of Syphilis, Yale J Biol & Med 
IS 575, 1943 Rosahn, P D , and Black-Schaffer, B Studies in Syphilis III Mortality 
and Morbidity Findings in the Yale Autopsy Series, ibid 15 587, 1943 

1 Moore, J E Unsolved Clinical Problems of Syphilologv, Am J Syph , Conor & 
Ven Dis 23 701, 1939 
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to piovidc information as to the ficqucnci with wdiich patients recognized as syphilitic during 
life, either on clinical or laboratory giounds, showed lesions of syphilis at necropsy and what 
these lesions, if an\, weic, the frequency with which patients adequately studied during life 
with no discoveiable e\idence of syphilis show'cd such evidence at neciopsy, the relationship 
of clinicallj or pathologicallj recognized s\philis to the final illness and the direct or indirect 
cause of death, the relationship of nccropsv evidence of syphilis to treatment during life, 
and a dozen similar factors as jet unknown 

These and othei t elated ptoblems form the backgiound foi a suivey now in 
progress The basis foi this study consists of 5,300 autopsies pei formed in the 
department of pathology at the Yale Umveisity School of Medicine since 1917 
Supplementary and complcmentai} infoimation has been derived fiom a leview 
of the peitinent hteiatuic The piesent leport constitutes the hist papei in the 
sei les and is devoted to a critical i e\ lew of the at ailable litei atui e on the incidence 


Tablf 1 — Ivciduicc of Syphilis at Autopsy Among Pci sons Aged 20 and Ovei 


Author • 

Couutrv 

Tears 

Number of 
Autopsies 

Persons v ith Sj philis 

A 

Number Per Cent 

Ilcrxlicimcr f 

Gcnnnnv 

IPOC lOfO 

10 400 

270 

2 CO 

Bell J® 

V S \ 

1 010 1037 

19 78,) 

GOl 

304 

Gilnch J 

Gorinan^ 

101 J 10)1 

2.5,179 

SO'j 

3 48 

U'lnstccn 5 

Morwnj 

1007 10)', 

n.37C 

815 

4 53 

Tcodori 

Itnl\ 

1918-1035 

7,C73 

371 

481 

Frntes 

Italj 

1028-1033 

8,217 

418 

5 09 

Melchior 5’' 

Doninnrk 

1011 1020 

1.301 

245 

5 30 

Danger I, 

Gernian\ 

lOOO-lODj 

23,015 

1,2GS 

5 51 

Guldberg == 

Don\ a J 

1800-1030 

8 2)3 

481 

584 

Svinmer® n 

U S \ 

190(, lOlC 

5 000 

311 

G28 

^ICkCl=0 

Germany 

1097 193 > 

11,171) 

827 

7 21 

Ogden 1- 

USA 

10,1 1038 

5,408 

418 

7 73 

Ophuls ■ 

U S \ 

lOOO 1923 

2,192 

2S0 

11 24 

Koppi'Ch ® 

Porto Bico 

]02C-19)8 

f)G5 

7" 

11 30 

Manohar * 

India 

1027 10>i 

2,721 

850 

431 

15 81 

Hnia ® 

USA 

1022 

170 

2100 

Warthin ® 

u s \ 

19B0 1020 

1,G75 

491 

29 49 

Total (7 dilTcrent countries) 


189j 193S 

140,701 

7 993 

5 45 


* Thn eMnliols (t, t, § nnd 11) refer to footnotes to tlio table Superior fleurcs refer to footnotes tbrougli 
out the text 

t Herxlieimer, J Syphllitl'clic Verunderunpen dcs Herzens und der Arterien, In Jadassohn, J HandbucU 
der Hnut- und Geschlecbtskrankheltcn, Berlin, Julius Springer, 1031, vol IG pt 2 

♦ Gurich Ueber die syphiliti'chen Organs cranderungen die unter dem Seklionsmatenal der Jahre 19U 
1924 angetroflcn wurden, Miincbcn mod Webnsehr 72 OSO, 1025 

? Hanstcen cited bj Guldberg 

II Langcr, E Dio Huungkeit dor iuetiseUen Orgameranderungen, Insbesondere der Aortitis luetica, 
Munchen med WchnEchr 73 ; 1782, 1020 


of syphilitic infection in adults as determined by vaiious autops)- studies Other 
reports bearing on the general pioblem will follow 

The literature on the pathologic changes of syphilis contains no comparative 
or summated analysis of the isolated surveys of autopsy populations that have 
appeared from time to time Many authors have directed then attention to 
specific types of syphilitic lesions, and as a result the scope of their studies has 
been limited to particular oigan systems or to special tissue reactions Compara- 
tively few investigators have been concerned with the incidence of syphilis at 
autopsy in its broadest, all-inclusive aspects, and many of their studies have 
appeared in foreign publications not leadily accessible in America 

It IS the principal purpose of this paper, therefore, to collate and evaluate 
the available reports on the fiequency of moiphologically diagnosed syphilis in 
autopsy populations The leview to be piesented is concerned with syphilis in 
its acquired form, and for convenience in analysis the autopsy populations have been 
limited to persons aged 20 and over Wheiever necessary published repoits 
have been recast to give the incidence of syphilis by decades beginning with the 
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age of 20, this revision, however, in no way altering the factual data presented 
by the author It is admitted at the outset that there may be included a certain 
small number of syphilitic peisons ovei 20 whose infection was congenital, but 
these are adequately counterbalanced by the exclusion of persons under 20, some 
of whom no doubt had acquired syphilis At any rate, the populations under 
consideration are large enough to reduce eftectively any error introduced by taking 
the age of 20 as the aibitraiy lower limit of acquired syphilis 

Table 1 presents a summary of available reports on the incidence of syphilitic 
lesions 111 autopsy populations The data of this table are graphically depicted in 
chart 1 Four countries of Continental Europe, one in Asia, one West Indian 
island and the United States are represented The frequency of syphilitic changes 
encountered at autopsy among persons over 20 }eais of age varies from a low 
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Chart 1 — Incidence of syphilis at autopsy among persons over 20 years of age 

of 2 6 per cent to a high of 29 5 per cent Tlie average for all of the seventeen 
reports presented in the table is 8 8 per cent This average, however, gives equal 
weight to each of the reports regardless of the number of obseivations on which 
it was based An alternative aveiage value is one based on the entire suminated 
autopsy population in the seventeen reported series Of a total of 146,761 persons, 
7 993, or 5 45 per cent, were observed to be syphilitic at autopsy 

Other reports on the incidence of syphilitic lesions at autopsy are available, 
but for the stated reasons they were not incorporated in table 1 Brines " sti^ie 
618 routine autopsies perfoimed in 1934 at the City of Detroit Receiving 
pital, where 36 per cent of the patients admitted were Negroes He , 

instances of gross and microscopic syphilis, an incidence of 8 7 per cent, but ai e 

2 Brines, A O Laboratory Diagnosis of Syphilis, in Papers of 
of Science, Arts and Letters, Ann Arbor, Mich , University of Michigan Press, 1 » > 

P 561 
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to give the age and sex composition of the autopsy gioup TuinbulP studied 
more than 7,000 neciopsies peifoimed in London between 1908 and 1913 and 
found that approximately 4 per cent had disclosed lesions of acquired syphilis 
Incomplete data pi event an exact computation of incidence Pohlen reviewed ■ 
8,182 autopsies performed in Magdeburg between 1928 and 1936 Of the sub- 
jects studied, 557, or 6 8 per cent, had moiphologic evidence of syphilis This 
figuie includes both those with congenital and those with acquned lesions, who 
cannot be leadily scgiegated on the basis of the data as given 

Twehe of the se^enteen repoits listed in table 1 showed an incidence of 
syphilis of less than 8 pei cent, while only five authois gave an incidence higher 
than 11 pel cent A comparison of individual results shows a striking variation 
beh\een those of Warthm,® Hala,® Ophuls," Manohar® and Koppisch,® on the 
one hand, and the lemaining authois, on the other If we place the summated 
observations of these five authors in one classification and compaie their results 
with those of the lemainmg authors, the difference is striking 

Instances of Syphilis 
Autopsies, , * , 

Authors Number Number Per Cent 

Warthm, Hala, Ophuls, Alanohar and Koppisch 8,403 1,459 17 36 

12 others 138,358 6,534 4 72 

It IS, moreo\er, apparent that as regaids reports emanating fiom the United 
States, there aie two clcarcut and distinct schools of opinion The fiist school, 
represented b} Bell Symmers and Ogden,^" repoited 1 333 instances of syph- 
ilis among 30,193 autopsies on persons aged 20 and o\er, a frequency of 4 4 per 
cent Warthm,® Ilala ® and Ophuls," representing the second school, found 953 
cases of syphilis in an autopsy population of 5,017, an incidence of 19 per cent 
The maiked disparit} betw'een these tw’o sets of results represents one of the out- 
standing problems of modern s} philology 

It is conceivable that the differences are real and chaiacteristic of the different 
populations under m^estlgatIon On this basis syphilis was actually ten times as 
frequent in the population studied by Warthm as in that suiveyed by Bell If it 
IS tiue that treatment effectively eliminates all morphologic traces of syphilis, the 
variable incidence might be explained by diffei enccs m the availability and intensity 
of syphilotherapy in the several communities forming the reservoirs for the 
different autopsy populations Information on this point is outside the range of 
the present report, but other considerations suggest that the entire explanation 

3 Turnbull, H M Alterations m Arterial Structure and Their Relation to Syphilis, 
Quart J Med 8 201, 1914-1915 

4 Pohlen, K Ueber die Haufigkeit der Syphilis und der syphilitischen Folgezustande 
nach dem klmischen und pathologischen Gefund, Dermat Wchnschr 105 1469, 1937 

5 Warthm, A S The New Pathology of Syphilis, Am J S 3 'ph 2 425, 1918, The Role 
of Syphilis in the Etiology of Angina Pectoris, Coronary Arteriosclerosis and Thrombosis, 
and of Sudden Cardiac Death, Am Heart J 6 163, 1930 

6 Hala, W W Incidence of Syphilis, Am J Syph 6 616, 1922 

7 Ophuls, W A Statistical Survey of Three Thousand Autopsies, Stanford University 
Pub , Univ Series, M Sc 1 234, 1926 

8 Manohar, K D Incidence of Syphilis, Indian J Ven Dis 1 9, 1935 

9 Koppisch, E La siflis en Puerto Rico Estudio basado en la revision de 1000 
autopsias consecutivas (mforme preliminas), Bol Asoc med de Puerto Rico 31 160, 1939 

10 Bell, E T Frequency with Which Syphilitic Lesions Arc Encountered in Postmortem 
Examinations, Arch Path 26 839 (Oct) 1938 

11 Symmers, D Anatomic Lesions in Late Acquired Syphilis, JAMA 6G.14S7 
(May 6) 1916 

12 Ogden, M A Aneurysm of the Aorta, Urol & Cutan Rev 44 731 1940 
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does not he in this direction In the fiist place, the piimaiy piemise, that treat- 
ment effectively eradicates the morphologic changes of syphilis, is a pioblem yet 
to be settled In the second place, even if this piemise were accepted, the neces- 
sary conclusion that syphilis is tieated more than foui times as effectively in New 
York, wheie Symmers found an incidence of 6 3 per cent, than in Michigan, 
wheie Warthin leported a 29 5 per cent frequency, would appear untenable 

Other factors, such as variability in economic status, in race, in age and in sex 
distribution of the subjects compiismg the different autopsy populations, are of 
importance, and these will be discussed in subsequent paragraphs A critical 
analysis of the diagnostic criteria employed by the different authors may also 
thiow some light on their widely diveigent findings 

RACE 

It IS well known that syphilis is much moie fiequent in the American Negro 
than in the white lace Keidel and Mooic,^=* among 5,000 patients admitted to 
the medical waid of Johns Hopkins Hospital, found positive Wassermann reac- 
tions of the blood in 7 6 per cent of the white peisons and in 22 9 per cent of the 
Negroes Among 4,000 discharged medical patients, syphilis was diagnosed in 
9 7 per cent of the white persons and in 25 4 per cent of the Negioes Other 
authors, notably Turner^* and Paulhn, Davison and Wood,’^® have reported com- 
parable lesults Ho\\cvei, it is not possible to explain the diveigent results sum- 
marized in table 1 entirely on the basis of tlie racial composition of the different 
autopsy populations All of the European patients were adult Caucasians, and 
this IS true also of Wai thin’s gioup The population studied by Ophuls was 
composed of 913 per cent white peisons, no attempt ha\ing been made to cor- 
relate race wuth moiphologic changes, because of the small number of Negroes 
Hala and Symmers made no mention of the lacial composition of their groups 
In Koppisch’s series the incidence of s}'’phihs among white persons was 8 6 per 
cent, as contrasted to an incidence among mulattoes of 13 8 per cent and among 
Negroes of 16 9 per cent These last two groups comprised 37 5 per cent of 
the population and contributed 52 pei cent of the syphilitic subjects It is thus 
seen that the relatively high inadence of syphilis reported by Koppisch can be 
accounted foi at least in part by the inclusion of a large number of mulattoes 
and Negroes, in wdiom the disease is more fiequent than in the white race Ogden’s 
autopsy group consisted of 2,280 wdiite persons, 89 of wdiom had syphilis, an 
incidence of 4 pei cent, and 3,128 Negioes, 329 of whom had anatomic syphilis, 
an incidence of 10 5 per cent Manohar’s observations will receive moie detailed 
discussion later The cardinal point with regard to lace is that, although syphilis 
is demonstrably more frequent in the Negro than in the white person, the racial 
composition of the different populations is alone insufficient to explain the diverse 
results Warthin, reporting the highest incidence, studied a population consisting 
solely of white persons 

Manohar requires special consideration because he was dealing wuth natives 
of India, a racial group not comparable to any investigated by the European and 
American authois His senes consists of two groups The first was composed 
of 882 persons autopsied at the Grant Medical School, m Bombay Syphilis was 

13 Keidel, A, and Moore, J E The Wassermann Reaction in the Johns Hopkins Hos- 
pital, Bull Johns Hopkins Hosp 34 16, 1923 

14 Turner, T B The Race and Sex Distribution of the Lesions of Syphilis in Ten 
Thousand Cases, Bull Johns Hopkins Hosp 46 159 , 1930 

15 Paulhn, J E , Davison, H M , and Wood, R H The Incidence of Syphilitic Infec- 
tion Among the Negroes in the South, Boston M & S J 197 345, 1927 
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diagnosed at autopsy in 20 7 per cent of these The second comprised 1,839 per- 
sons autopsied police suigeons, among A\hom 13 1 pei cent had lesions of syph- 
ilis In the latter gioup only the piinciple cause of death was investigated, while 
the first was thoroughly studied by complete gioss examinations This author 
recorded the remaikable obseivation that 49 pei cent of the peisons autopsied 
at the medical school had SAphilitic lesions of the heait, generally recognizable 
on gross examination This observation, which is at complete vaiiance with the 
entire literature, is explicable onh on the basis of the author's diagnostic critera 
These ho\AeAer, he fails to describe 

* 

SOCIAL AND ECONOMIC STATUS 

It IS difficult to e\aluate the social and economic status of the autopsy popu- 
lations studied by the A^arious authors listed m table 1 Most of the reports are 

Table 2 — F>cquatcy of SypJnItItc Lesions in Men and in Women as Diagnosed at 
Aulopiy bv Five Dtffeieni Invcshqaioi <; 
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Author 
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r 

Xo 

* 

Per Cent 

BPll 


n.iM 

CO 2 

rratc*: 

S217 

5 217 

035 

Koppiseb 

CCS 

404 
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IS 
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10 

58 
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40 0 
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00 

74 

35 

3,451 

45 0 
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71 

124 

36 

IS, 410 

37 7 

1,330 

50 
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Table 3 — Ficquency of Syphdific Lesions in Men and in JVonien as Diagnosed it: Five 
DiffctciU Invcsiiqaiois (Observed and Expected Values 
Siimviafed fioni Tabic 2) 



Syphilitic 

K 

Nonsyphilltic 



Sex 

Observed 

ETpected 

Observed 

Expected 

Total 


Men 

Women 

1,330 

433 

1.009 

004 

21,168 

14,983 

24,419 

14,752 

25 618 

16 410 


Total 

1,703 

1,703 

39.17J 

30,171 

40 934 



based on persons in the general category “city hospital patients ” Theie weie 
private patients in the series studied by Bell and in the populations analyzed by 
several of the German and Scandinavian authors From this viewpoint alone, the 
29 5 per cent incidence of syphilis in Warthin’s group of “prn^ate patients” is 
noteworthy 

SEX 

Only five of the authors named in table 1 have published sufficient information 
to relate sex to acquired syphilis demonstrable by lesions at autopsy Then reports 
are summated in tables 2 and 3 Of 40,934 autopsied persons over 20, 62 3 per 
cent were men and 37 7 per cent women Among these. 1 ,763 had evidence of 
sypliihtic infection, of whom 75 4 per cent were men and 24 6 per cent were women 
Thus, whereas approximately three fifths of the autopsy population were men, men 
accounted for three fourths of the cases of syphilis Analysis by the chi-square 
test of homogeneity (table 3) indicates a statistically significant difference between 
these values It can be concluded that a higher proportion of men and a lower 
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proportion of A\onieii showed evidence of syphilis at aulops> than could be expected 
on the basis of the piopoitions of the sexes in the combined populations Syphilis 
was diagnosed in 5 2 pei cent of the male population, a significantly higher per- 
centage than that obseived among women, i e, 2 8 pei cent 

Each of the five authois presenting data on the sex incidence of syphilis at 
autopsy repoited a fiequency among males approximately tnice that * observed 
among females Unfortunately the lepoits of four authors, namely, Ophuls, 
Manohar, Hala and Waithin, nho found the highest incidence of syphilis, do not 
lend themselves to an analysis of the sex distribution either of their total autopsy 
population or of their syphilitic population A critical evaluation of their material 
m the light of this geneial conclusion with regard to sex is theiefore not feasible 




Chart 3 — Age of women witli and without syphilitic lesions at autopsy 

It is, however, justifiable to conclude that the varied incidence of syphilis encoun- 
tered by the different observers cannot be wholly the result of a preponderance 
of males in their autopsy populations 

AGE 

The data presented by Teodori,’^® Bell,^° Frates,^' Melchior’-® and Koppiscli 
are the only published leports sufficiently exhaustive to peimit of a summated 

16 Teodori, U Rilievi statistici concernenti la sifihde nel materiale autoptico dell Instituto 
di Anatomia Patologica di Firenze dal 1918 al 1935 con rihevi comparativi sulla frequenza 
del turnon maligni e della tubercolosi, Dermosifilografo 13 143, 1938 

17 Frates, A Considerazioni statistiche sulla sifihde nelle prime 10,000 autopsie del Institu o 
di Anatomia Pathologica della E. TJniversita di Milano, Chn med ital 65 1015, 1934 

18 Melchior, L Om sektionsfund og dodsaarsager hos patienter med erhvervet sjn is, 
Ugesk f Iseger 84 1351, 1922 
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anal} SIS of the incidence of syphilitic lesions at autopsy in i elation to age at death 
The findings of these five authois form the basis for the following discussion of age 
and s}’phihs in men at autopsy The last author’s data are not included in the 
consideiation of age and syphilis in uomen because of the small numbei of women 
m hi* senes The summated data aie piesented in table 4 and charts 2, 3 and 4 
The figures iiere drawn on aiithmetical probability paper and show the cumulative 
peicentages by decades A noimal fiequency distribution iihen chaited on this 
type of paper is lepresented by a stiaight line Deviation fioiii a stiaight line 
is indicatne of corresponding deviation from a noimal distiibution The median 
IS easily determined giaphically by the intersection of the 50 pei cent ordinate with 
the frequency curve The slope of the fiequency line indicates the degree of 
\ai lability of the data the steepei the slope, the greater the variability (Schiek^®) 
The mean age (chart 4) of nonsyphihtic men over 20 was 54 ±: 0 14 years, a 
1 aluc significantly highet than that found foi nonsyphihtic women, 52 09 ii= 0 23 

T\ble 4 — Analysis of Sex Distribiiiion of Persons IVith and Without 
Syphilitic Lesions at Autopsy 
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60 
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2,874 

19 4 
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oG 

90 
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14,615 

100 0 
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100 0 



The data are based on the reports of Boll Fratos, Koppisch, Melchior and Tcodorl 
t The data are based on the reports of Bell, Frates, Melchior and Tcodorl 


yeais The mean age of the men with syphilis was 52 53 rt 0 36 yeais, which is 
significantly lower than that of the nonsyphihtic men In contrast to this finding, 
the mean age of syphilitic women was 51 95 ±: 1 01 years, actually no different 
from the mean value for the nonsyphihtic women In these cumulative obser- 
vations It appears that the average span of life of the syphilitic man was shoitened 
by about two years, as compared with that of the nonsyphihtic man, although the 
woman with syphilis had an average duration of life no shorter than her non- 
syphihtic sister Sex apparently exerted no significant influence on the average 
age at death of the syphilitic person, since both men and women with syphilis had 
a mean age of about 52 years 

Great care must be exercised m drawing conclusions fiom the mean age at 
death, because such values aie easily affected by variations in the age distribution 
of different gioups For this reason the analysis shown m table 4 and charts 2 
and 3 is presented About 9 per cent of the deaths in the nonsyphihtic male popu- 
lation over 20 yeais of age occuired during the third decade of life, as compared 

19 Schrek, R Further Quantitative Methods for the Study of Transplantable Tumors 
The Growth of R39 Sarcoma and Brown-Pearce Carcinoma, Am J Cancer 28 345, 1936 
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with less than 2 per cent of the deaths among syphilitic men Appioximately 
50 per cent of the deaths in the nonsyphihtic group occuired between 30 and 
59 years of age, while 70 per cent of the syphilitic deaths took place m this age 
class Finally, about 20 per cent of the nonsyphihtic men survived beyond the 
age of 70, m contrast to less than 7 pei cent of those with syphilis 

A similai analysis of the data for rromen gives essentially similar results 
About 15 per cent of the deaths among nonsyphihtic vomen took place in the 
third decade of life, as compared with only 5 per cent of the syphilitic deaths 
Appioximately half of the nonsyphihtic women died between 30 and 60 years of 
age, as compared with two thirds of the syphilitic women Moreover, about 20 per 
cent of the nonsyphihtic w'oinen survn ed beyond the age of 70, in contrast to only 
9 per cent of the syphilitic wmmen 

It IS not our intent that these curves be interpreted as being typical of syphilis 
in this country A composite cun^e w^as drawm instead of individual curves for 
each author in order to smooth the irregularities that w'ould appear in the limited 
obserrations in the individual reports These composite curves should be com- 
pared wuth each other as regards syphilitic and nonsyphihtic persons From this 
view'pomt, and in the combined experience of the authors cited, the syphilitic man 



NON-SYPHILITIC SYPHILITIC 

Chart 4 — Mean age and standard deviation for men and women with and without lesions 
of syphilis at autopsy S D indicates standard deiiation 

living into the forties and the syphilitic w'oman living into the fifties had a shorter 
life span than their nonsyphihtic brother and sister It should be noted that each 
of the curves in charts 2 and 3 is represented by a straight line, indicating a nor- 
mal frequency distribution 

One other observation with regard to age is of significance This refers to the 
degree of variability of the fiequency disti ibutions for the syphilitic and non- 
syphihtic men and w'omen In charts 2 and 3 the slope of the curve indicates 
variability, the steeper the slope the greater the variability In chart 4 variability 
is proportional to the width of the bars In both sexes the age distribution of the 
syphilitic group is less variable than that of the nonsyphihtic group, and this 
difference is highly significant (The standard deviation equals 22 4 ±: 0 10 for 
nonsyphihtic men and 13 07 ±: 0 27 for syphilitic men, the difference being 
9 33 ±: 0 27, and t, 35 The standaid deviation equals 28 4 ± 0 16 for nonsyphihtic 
w'omen and 20 2 ±0 23 for syphilitic wmmen, the difference being 82 ±028, 
and t, 30 ) The extremes of age between 20 and 70 are lopped off in the syphilitic 
groups as compared with the nonsyphihtic Few'er young and few^er old subjects 
are found in the syphilitic than in the nonsyphihtic population 



ROSAHN-BLACK-SCHAFFER^SYPHILIS 


87 


The incidence of syphilis diagnosed at autopsy in i elation to age and sex is 
shown in table 5 The highest incidence of syphilis occuiied among men m the 
fifth decade and among omen m the sixth decade, but in each decade syphilis was 
moie ficquent among men than among women A possible but completely improba- 
ble explanation for the high incidence of si^phihs in Warthm’s, Hala’s and Ophuls’ 
populations is heie indicated If then autopsy populations weie composed entirely 
of Negro men aged 40 to 50, a plausible explanation foi the high incidence of 
s}'pi.iihs which they lepoited might be ofleied Theie is mteinal evidence in their 
publications, howevei, to disci edit this hypothesis, and other explanations must 
theietoie be sought 

DI \GNOSTIC CRITERIA 

It IS geneially lecogmzed that the critena foi the pathologic diagnosis of 
syphilis are not definitive Befoie the advent of Warthm’s “The New Pathology 
of S}phihs” a lelative umfoimity of ciiteria did exist These ciiteiia weie and 
still are to be found m the standaid textbooks here and abioad Outside of the 
United States and Canada, Wai thin’s influence has failed to make the impiession 
which, on this continent at any rate, has lesulted m the bioadening of the pathologic 

Table 5 — Incidence of Syplnhiic Lesions at Autopsy in Men and in IVotncn 
Accoiding to Age, bv Decades (Snminatcd fioni Reports of Bell, 

Fiates, Kopptsch, Melchior and Teodor i) 
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Total 

25,484 
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1 292 

400 

5 07 
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concept of syphilis This influence is moie leadily appieciated when the leports 
on lesions of individual organs, such as the stomach, testicle, kidney, hvei and 
adrenal glands, are consideied than when the more general lepoits, such as those 
of table 1, are reviewed It must, however, be stated that befoie Wai thin’s publi- 
cations appealed, the specific natuie of the syphilitic lesion was the subject of much 
contioveisy and in fact was the very basis which made Wai thin’s inteipietation 
possible 

Because of the paucity of compaiable anatomic studies, and the total lack of 
uniformity of ciiteiia, the entiie subject of the pathology of syphilis is a maze 
in which both the expert and the not-so-expei t aie frequently lost When the 
incidence of syphilis of the liver in compaiable populations ranges from 3 3 per 
cent to 33 4 per cent and when one authoi designates all hepatic syphilis as hepai 
lobatum, while anothei diagnoses only 33 per cent as such, it is obvious that 
complete confusion in terminology and mterpietation of lesions exists It thus 
becomes appaient that of primary impoitance in an evaluation of statistics of this 
type are the criteria followed by the different observers Heie one finds sufficient 
variability to account m large part for the divergent results 

Warthin ® stated 

The pathologic diagnosis of syphilis is essentially microscopic Only in a relatively small 
number of cases are the gross lesions typical enough to be recognized by the naked 

eye A negative diagnosis of syphilis cannot be given -with any certainty without a routine 
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microscopic examination of all organs and tissues, but particularly of the left ventricular wall 
the aorta, both its arcli and abdominal portion, the testes, pancreas and adrenals 

The new pathology of syphilis is based upon the demonstration that the essential tissue 
lesion of cither late or latent syphilis is an irritative or inflammatory process, usually mild 
in degree, characterized by lymphocytic and plasma cell infiltrations in the stroma particu- 
larly about the blood vessels and lymphatics, slight tissue proliferation, eventually fibrosis, 
and atrophy or degeneration of the parenchyma 

This concept is in dnect contiast to that of Nickel, who is representative of 
many of the authors listed in table 1 Nickel’s criteiia may be freely translated 
as follows 

Only definite anatomic syphilis, i e, syphilitic ^ascular disease, syphilis of the central nervous 
system, syphilis of the bone, gumma and interstitial hepatitis of the newborn, was included 
Presumptive evidence of s\phili5 -was not considered, i e, orchitis fibrosa, cicatricial atrophy 
of tlie tongue and so-called syphilitic cirrhosis, nor was a positive Wassermann reaction 

Nickel specifically disregai ded orchitis fibrosa, lingua glabia and "so-called syphilitic 
ciiihosis” of the bvei, noi did he mention changes in the pancreas and adrenals, 
as did Warthin The latter also emphasized testicular fibrosis, and, in fact, 
A^'eller w ho was for man}'’ 3’’ears associated with Warthin, made the following 
statement "In our opinion, testicular lesions rank second only to those of the 
aorta as to value in recognition of latent (nongummatous) visceral syphilis ” The 
contrast between Warthin and Nickel is readily apparent and is so sharply drawn 
that their conclusions cannot be fairly compared 

Symmers employed essentially the same criteria as Nickel but diffeied from him 
in the interpretation of specific lesions For example, Symmers found that 33 4 
per cent of Ins syphilitic subjects presented hepatic syphilis of both the hepar 
lobatum type and the cirrhotic form, while Nickel specifically excluded from Ins 
series subjects with so-called syphilitic cirrhosis Moreover, Sjmmers included 
subjects with the ‘‘presumptive changes of sjphihs," such as orchitis fibrosa and 
lingua glabia, in Ins series In spite of tins, it is noteworthy that there is no signifi- 
cant diffeience between the 7 per cent incidence reported by Nickel and the 
6 pel cent observed by Symmers 

Hala, apparently a disciple of Warthin, accepted as syphilitic any subject to 
whom two of the folloiving criteria applied (1) a clinical history of antecedent 
infection or clinical evidence of existing syphilis, (2) a positn'e Wassermann reac- 
tion, (3) the observation of typical gioss lesions at autopsy and (4) histologic 
evidence of syphilis 

It IS evident that the first two criteria are not anatomic, and since the num- 
ber of subjects admitted to the series on this basis is not stated, the comparative 
value of the entire work is placed in jeopardy Moreover, the freedom of action 
which the four criteria gives to the authoi is evidenced by the statement that 
“subpleural aggregations of small round cells (miliary guinmata?)” were noted 
in a considerable numbei of peisons with syphilis, all of "whom had pulmonary 
tuberculosis and the large majority of whom died of tubeiculosis 

Frates included not only persons with anatomic lesions but those w'lth a positive 
Wasseimann reaction or a clinical history of infection However, these two groups 
are so W'ell differentiated that it was possible to recalculate the author’s findings 
and incoiporate in table 1 only those cases m which there weie definite anatomic 
lesions of syphilis 

20 Nickel, H Statistische Untersuchungen uber die Haufigkeit der Lues am Obductions- 
matenal, Klin Wchnschr 15 121, 1936 

21 Weller, C V The Visceral Pathology in Haitian Treponematosis, Am J Sj'ph, 
Conor & Ven Dis 21 357, 1937 
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^Yhile Ophuls did not enumeiate ciiteria m a foimal statement, one may 
deduce them fiom his paper For example, he included a subject with “myo- 
cai dial syphilis on the basis of clinical history and com se ” He included another 
uith chionic difluse mteistitial inflammation of pulmonaiy tissue with cor pul- 
monali, designated as syphilitic Twenty pei cent of Ophuls’ syphilitic patients 
had syphilitic hepatic disease, in contrast to Warthm's 30 per cent and Nickel’s 
4 23 per cent Ophuls also included patients with orchitis fibrosa but added, 
"They maj be sjphihtic” The remaindei of the authors followed in geneial the 
ciiteiia desciibed b} Nickel 

The repoits shou considerable variation with lespect to the loutine use of 
micioscopic examination of tissues, or of gioss examination alone, m the anatomic 
diagnosis of syphilis Theie is, however, compelling evidence that this variation 
IS less impoitant in accounting foi the diffeience m fiequency rates than is the 
’variability in diagnostic cnteiia Among authors relying eiitiiely oi almost entiiely 
on gloss examination in reaching a diagnosis of syphilis are Teodoii, Fiates, 
Symmers, Manohar and Ophuls The fiist thiee lepoited a fiequency of 4 8 per 
cent, 5 1 pel cent and 6 3 per cent, respective!}’ These are all compaiable lesults 
The last two recorded rates two and three times as great, that is, 15 8 pei cent 
and 1 1 2 per cent It appears from these repoi ts that there is distinct lack of 
uniformit} in the interpretation of the gioss tissue changes pioduced by syphilis 
The same vanabiht}’ in diagnostic criteria is appaient m the lepoits based on 
microscopic evidence of syphilis These include the reports of Guldberg-' (5 8 
per cent), Koppisch (113 per cent), Hala (21 1 per cent) and Waithm (29 5 pei 
cent) The first of these authors found no greater incidence-of syphilis through 
the study of loutine histologic preparations than did Teodoii, Frates oi Symmers 
all of whom relied predominantly on gross examination alone The disparity 
betueen Guldberg’s observations, on the one hand and Wai thin’s, on the other, 
is so striking as to suggest that it results not so much from a real diffeience in the 
incidence of syphilis m the two populations as from significant diifeiences in the 
diagnostic criteria follow’ed by the two investigators 

Ihe conclusion is w’ari anted that there is a clear need for a restatement of the 
moi-phologic changes, both gross and microscopic, Avhich result from syphilitic 
infection This is especially true with regard to the histologic alterations described 
by Warthin as definitue, and this aspect of the problem we plan to pin sue m a 
future study Precise evaluation of the anatomic changes of syphilis m teims of 
morbidity and mortality w’lll depend primarily on the standai dization of diagnostic 
criteria and on the geneial adoption of a unfoim nomenclature 

SUMMARY 

A critical review of the available liteiature on the incidence of syphilitic infec- 
tion m adults as determined by vaiious autopsy studies is presented 

The frequency of syphilitic changes encountered at autopsy among pei sons 
ovei 20 years of age varied fi om a low of 2 6 pei cent to a high of 29 5 per cent 
The average for seventeen different reports was 8 8 per cent The aveiage based 
on the summated autopsy populations of the seventeen reports w’as 5 5 per cent 
Although syphilis was demonstrably moie fiequent in the Negro than in the 
white race, the racial composition of the diffeient populations did not appeal 
sufficient to account for the diverse results 

22 Guldberg, G Ueber Sektionsbefunde bei Syphihtikern, Arch f Dermat u Svoh 
166 730, 1932 
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Exact mfoimation on the social and economic status of the several populations 
was lacking, but this status did not appear to play an important role in explaining 
the widely divergent findings 

A higliei propoition of men and a low^er proportion of women shoived evi- 
dence of syphilis at autopsy than could be expected on the basis of the proportions 
of the sexes in the combined populations The mean age of the men over 20 with 
syphilis in reports giving age and sex data w^as 52 1 years, or one and a half 
years younger than the mean age for nonsyphilitic men This diffeience was 
significant Women ovei 20 years of age ivitli s}phihs had an average age of 
52 years, essentially the same as the mean age of the nonsyphilitic w'onien Only 
7 pel cent of the syphilitic men and 9 per cent of the syphilitic w'onien survived 
the age of 70, m contrast to 20 per cent of the nonsjphilitic men and women 
The highest incidence of syphilis occurred among men in the fifth decade and 
among women in the sixth decade, but m each decade S}’^phihs w’’as more frequent 
among men than among women It could not be conclusively demonstrated that 
these findings wntli respect to age and sex w ere i esponsible for the wndely divergent 
estimates of the incidence of syphilis at autopsy 

The gieat vaiiabihty m the diagnostic criteria both gross and microscopic, 
eniployed by different obseiveis was appraised, and the need foi uniformity of 
nomenclatuie and standaidization of cnteiia w^as stressed It was suggested that 
the majoi factor accounting foi the great vaiiabiht} in the frequency of syphilitic 
lesions encounteied at autopsy was precisel} this lack of uniformity in the diag- 
nostic cnteiia employed by the se\eral investigators 

92 Grand Street, New Britain, Conn 
Twelfth and ^larshall Streets, Richmond, Va 



NITROGEN EQUILIBRIUM AND REGENERATION OF 

SERUM PROTEIN 

FOLLOWING INTRAVENOUS USE 01 A3MIN0 ACIDS 
WILLIAM J JklESSINGER, MD 

MW \ORK 

Attention to nitiogen balance and the level of the blood pioteins has of late 
3eais come to he lecognized as an impoitant pait of pieopeiative and postopeiative 
care ^ m cases of diseases of the livei - and biliary tiact,”’ of seveie huins^ and of 
bhock ^ A vaiiet} of substances have been used as souices of nitrogen In shock, 
the necessit} of obtaining immediate increase m osmotic piessuie of the serum 
to pre^ent hemoconcentiation makes human plasma and seium of undisputed 
importance since simply by gnuig them one places proteins m circulation The 
protein is m addition available foi use h} the body for maintaining nitiogen equi- 
librium and building new seiuin piotein The cost of collection and prepaiation 
of human jilasma and seium is consideiahle and foi this leason Wangensteen 
and his co-wokeis' have attempted to use beef plasma as a substitute, A\ith some 
degree of success Solutions of h}drol}7ed casein may also he prepaied lelativel} 
cheap!}, and since they aie capable of being metabolized by the body ’ and fuinish 
mateiial vith which serum proteins ma} he built, they may he used to advantage 
as a source of nitiogen But because ammo acids exert little if any osmotic 
pressuie in solution the} obviously cannot replace ^\hole blood oi serum ^^hen 
an immediate effect on blood volume is lequiied and are to he legarded as easily 
usable souices of nitiogen 

Elman and Weiner® have shown that plasma administered mti a\ enously 
leplenishes ciiculating pioteins, hut they stated that it must he completely broken 
donn into simple ammo acids and subsequently resynthesized hefoie utilization 
For this reason, they expressed the belief that ammo acids lesulting from the 

From the Third (New York Umversitv) Medical Division, Welfare Hospital for Chronic 
Diseases, and the Department of Medicine, New York University College of kledicine 

1 (a) Jones, C M, and Eaton, F B Postoperative Nutritional Edema, Aich Surg 

27 159 (July) 1933 (b) Stengel, A, Jr, and Ravdin, I S The Maintenance of Nutri- 

tion in Surgical Patients, with a Description of the Orojejunal Method of Feeding, Surgerj 
4 511, 1939 (c) Ravdin, I S , Stengel, A, Jr, and Prushankm, M The Control of 
Hypoprotememia in Surgical Patients, JAMA 114 107 (Jan 13) 1940 

2 Ravdin, I S The Protection of the Liver from Injury, Surgery 8 204, 1940 

3 Jones, C M Treatment of Biliary-Tract Disease, New England J Med 224 509, 

1941 

4 (a) Elman, R The Therapeutic Significance of Plasma Protein Replacement in ’ 

Severe Burns, JAMA 116 213 (Jan 18) 1941 (b) McClure, R D The Treatment 

of a Patient with Severe Burns, ibid 113 1809 (Nov 11) 1939 

5 Bond, D D, and Wright, D G Treatment of Hemoirhage and Traumatic Shock 
by Intravenous Use of Lyophile Serum, Ann Surg 107 500, 1938 

6 Wangensteen, O H , Hall, H , Kremen, A, and Stevens, B Intravenous Admin- 

istration of Bovine and Human Plasma to Man Proof of Utilization Proc Soc Exner 
Biol & Med 43 616, 1940 ’ ‘ 

7 Shohl, A T , Butler, A M , Blackfan, IC D , and MacLachlan, E Nitrogen 
Metabolism During the Oral and Parenteral Administration of the Ammo Acids of Hvdin- 
lyzed Casein, J Pediat 15 469, 1939 

8 Elman, R, and Weiner, D O Intravenous Alimentation, JAMA 112 706 

(March 4) 1939 xizi /yo 
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hydiolysis of casein constitute at least as good material for building proteins as 
whole sei um oi plasma Recently, Madden and co-workers have shown experi- 
mentally that casein digests aie utilized for pioducing new plasma protein in dogs 
made hypoproteinemic by plasmapheresis With a suitable casein digest, the same 
response was elicited by either intravenous or oral administration, and nitrogen 
balance was maintained for consideiable periods Since the initial report of 
Elman and Weiner® on the use of hydrolyzed casein as a substance suitable for 
mtiavenous use in human beings, many other investigators^® have contributed to 
the hteiature on the subject 

For the past year and a half, the effects of the use of solutions of amino acids 
on a \aiiety of hypoproteinemic stales and on maintenance of mtiogen balance 
hare been studied in tins hospital The substance of this report is based mainly 
on the results obtained in 5 of a gioup of 20 patients vho leceived amino acids 
intravenously These 5 were studied in sufficient detail to permit drawing con- 
clusions concerning their ability to use the amino acids foi maintenance of nitrogen 
balance oi to regenerate serum protein 

MET HODS 

The annno acids used were prepared in concentrations oi 5, 15 or 20 per cent in rubber- 
stoppered glass bottles, from \\hich they were transferred to infusion flasks for intravenous 
administration, as needed The maximal rate at which infusions were allow’ed to proceed 
w'as about 180 cc per hour The 15 and 20 per cent solutions were, however, aUvajs diluted 
to tw'ice or three times their original loUimes Reactions following infusions did not occur 
Occasionallj , when infusion rates exceeded 200 cc per hour, sensations of W'arnith and, 
rarelv, of nausea w'ere experienced Reduction of the speed of flow usually relieved these 
sjmptoms promptlj The more cooperative patients became adept in regulating their own 
infusions When large amounts of amino acids w'cre gnen daily, it was found better to 
divide the dose into tw'O or more parts, especially if the regular intake of food w’as not 
interrupted 

Determinations of nitrogen were carried out by the micro-Kjeldahl procedure Serum 
albumin was estimated by the method of Campbell and Hanna ’- 

REPORT or CASES 

Case 1 — C A A, a 19 jear old man, a factor}' emplo}ee, w'as admitted to the hospital 
on Sept 6, 1941 complaining of weakness and diarrhea He had been w'ell until November 
1939, when he suffered an attack of severe diarrhea, which w'as diagnosed as ulcerative 
colitis, he W’as treated at home b} bis physician A spontaneous remission of symptoms 
occurred In July 1940 recurrence of severe colic, diarrhea, rectal bleeding and loss of 
w’eight caused his admission to the Third (New' York University) Medical Division, Bellevue 
Hospital, where a second remission of symptoms took place after about two months A 
month later he was transferred to Welfare Hospital for Chronic Diseases 

9 Madden, S C , Zeldis, L J , Hengerer, A D , Miller, L L , Rowe, A P , Turner, 
A P, and Whipple, G H Casein Digests Parenterally Utilized to Form Blood Plasma 
Protein, J Exper Med 73 727, 1941 

10 (a) Farr, L E , and MacFadyen, D A Hypoaminoacidemia in Children with 

Nephrotic Crises, Am J Dis Child 59 782 (April) 1940 (b) Cox, W M , Jr , and 
Mueller, A J Nitrogen Retention on Casein Digests, Proc Soc Exper Biol &. Med 
42 658, 1939 (c) Messinger, W J Seium Protein Regeneration Following Use of Ammo 

Acids in Nephritis (Nephrotic Stage), ibid 47 281, 1941 (d) Shohl, Butler, Blackfan and 

MacLachlan 

11 The amino acids used in these studies were prepared by acid hydrolysis of casein, 
fortified w’lth 1 per cent tryptophan Eighty per cent of the total nitrogen is said to be 
present in the form of amino acid nitrogen These amino acids w'ere supplied by Frederick 
Stearns & Co 

12 Campbell, W R , and Hanna, M I Albumin, Globulins, and Fibrinogen of Serum and 
Plasma, J Biol Chem 119 15, 1937 
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On examination, the patient appeared ill Theie was marked loss of subcutaneous fat, 
the mucous membranes were pale and the skin had a sallow appearance Diffuse abdominal 
tenderness and increase of peristalsis were present, otherwise there were no abnormalities 
The erUhroc>tes numbered 2,500,000 and the leukocytes 8,600 per cubic millimeter of 
blood The hemoglobin amounted to 6 Gm per hundred cubic centimeters Study of blood 
smears re\ealed a moderate hypochromic, miciocytic anemia and a normal leukocyte differ- 
ential count The Wassermann reaction was negatne The value for scrum proteins was 
5 Gm per hundred cubic centimeters, of wdiich 3 Gm was albumin Values for blood 
sugar, urea nitrogen, calcium and phosphorus were normal No abnormalities were found 
on examination of the urine Roentgenograms of the colon taken after a barium sulfate 
enema show'ed absence of haustrations and a smooth contour of the left half of the colon 
Sigmoidoscopy reiealed pale atiophic mucous membranes studded wuth many small scars 
Numerous fresh bleeding points in the upper part of the rectum w'cre also obseried Fresh 



Chart 1 (case 1) ' — The weight curve and level of serum proteins are shown for periods before, 
during and after daily administration of 500 cc of a 5 per cent solution of ammo acids 
The height of each column at the bottom of the chart represents the level of total serum 
proteins during the period shown, cross-hatched portion, serum globulin, the clear portion, 
serum albumin, except during the eleventh and thirteenth weeks, when only the total protein 
W’as measured 


stool removed through the sigmoidoscope contained some red blood cells and many epithelial 
cells but no pathogenic organisms or parasites 

The patient was placed at complete rest in bed A bland diet rich in carbohydrate, 
containing 110 Gm of protein daily and supplemented by parenteral vitamins was given' 
Small transfusions were administered frequently Although he was afebrile and was passing 
only two formed stools containing but few red blood cells daily, he failed to gam weight 
and anemia persisted A course of emetine hydrochloride was administered, without appre- 
ciable effect On three occasions the patient suffered a recurrence of diarrhea (eight to 
ten loose stools daily) and cramps lasting a few days each Two of these episodes were 
related to indiscretions m food, and the third followed a severe pharyngitis During a period 
of three months, gam m weight and rise in the level of serum proteins or m the red blood 
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cell count failed to take place It seemed reasonable, therefore, to use amino acid solutions 
as a means of supplying nitrogen 

Daily intravenous infusions of 500 cc of a 5 per cent solution of ammo acids, equivalent 
to 5 Gm of nitrogen, and 5 per cent dextrose solution were given for twenty-one days as 
a supplement to his legular diet They were generally given after breakfast and appeared 
to enhance the subject’s appetite At the end of the first week of this regimen a rise m 
the level of serum proteins and gam in weight began, and by the end of the third week the 
serum pioteins had reached normal values (chart 1) Subjectivcl>, improvement was marked 
by the fact that the patient became more hopeful of his e\entual reco\er> Little change 
in the red blood cell count or hemoglobin content occurred even after six weeks, and conse- 
quently 2 tc of a solution of iron and ammonium citrates (0 5 Gm of iron per cubic 
centimetei) was injected mtramuscularlj each daj During the next three weeks the red 
blood cell count and hemoglobin content rose to 3,900,000 and 11 8 Gm respectively without, 
apparently, affecting the level of the serum proteins Eight months after he had received 
the ammo acids he continued well and the \alue of the serum proteins remained within the 
normal range, but a slight degree of anemia was still present 

Table 1 — Nitrogen Balance and Level of Senim Pioteins (in Case 2) Bejoic and 
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* Daj of operation 
t In fifteen hours 
i Oral amino acids 

Case 2 — R H, a 32 year old wdiitc man, was admitted to the hospital on Nov 16, 
1940 He had appaientlj been well and woikmg as a linesman until March 1938, when 
he first noticed discomfort in the upper part of the abdomen and eructations A physician 
advised him that his symptoms were caused by a peptic ulcer Several w'eeks later, chills, 
weakness and severe abdominal pain forced him to seek hospital care He had at this time 
lost 30 pounds (13 6 Kg ) In September 1939 and again in klarch 1940 the same 
toms recurred accompanied by syncope, and on both of these occasions he was hospitalized 
In May 1940, during the fourth admission to the hospital, a large mass w^as palpated i 
lectum in the cul-de-sac, and wuth the help of roentgen examination a diagnosis of r^iona 
ileitis was made Surgical exploration was carried out, and a large mass m the cul-de-sac, 
made up of lymph nodes, cecum and terminal ileum adheient to the bladdei and rectum, 
was found Since the process w'as extensive, it w^as decided not to attempt removal Roen 
gen irradiation of the abdomen was, howevei, follow'ed by slight diminution in the size o 
the, mass about the rectum The patient was then transferred to this hospital 

On examination, marked emaciation was evident The thighs w ere flexed on the a omen 
to relieve abdominal pain There w'as a long well healed rectus scar, and the lower portion 
of the abdomen was protuberant The liver and spleen were not palpable, and the presence 
of abdominal fluid was not demonstrated On rectal examination a moderately tender mass 
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about the size of a large grapefruit was palpated in the cul-de-sac The rectum itself was 
not found to he abnormal by palpation or by proctoscopy The results of physical examination 
were m other respects normal 

The erjthrocytcs numbered 3,400,000 and the leukocytes 7,700 pci cubic millimetei of 
blood and the hemoglobin content was 117 Gm pei hundred cubic centimeteis A diffei- 
ential count of the leukocytes showed that 80 pei cent of them w'crc polymoiphonuclear 
leukoectes The ^^'assermann reaction was negative The scium proteins langcd between 
5 5 and 5 8 Gm pci hundred cubic centimeters The c allies for urea nitrogen, sugar, cal- 
cium and phosphorus of the blood were noimal The mine w'as normal throughout Neither 
gross nor occult blood, pathogenic organisms or parasites W’crc found in the stool The 
reaction to a tubcrculm test (old tuberculin in dilutions of 1 100,000 to 1 1,000) w'as nega- 
ti\e Repeated Frei tests gaie negative icactions Roentgenogiams of the gasti ointestinal 
tract taken after the ingestion of barium sulfate and of the icctum after a barium enema 
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Chart 2 (case 2) — The mtiogen balance and the level of the scium proteins arc shown 
for a nine day period prior to operation and for thirteen days aftei operation Each solid 
black column represents nitrogen output for a twenty-four hour period, wdnle the enclosed 
clear column, to the right of each black one, indicates the nitrogen intake for the same 
period The nitrogen intake on the first four days was zero The columns lepiesenting 
levels of serum protein are as described for chart 1 

revealed only distended loops of small bow'cl On one occasion, the appearance of the 
roentgenogram suggested the diagnosis of tuberculosis of the cecum 

The patient w'as placed on a high calory diet rich in protein, carbohydrate and Mtamin B 
complex Bouts of nausea and vomiting and diffuse abdominal pain accompanied by visible 
hyperperistaltic w'aves continued to occur Temporary relief was usually obtained by the 
use of atropine, narcotics or Wangensteen drainage During a period of four months, 
improvement failed to occur Since hypoprotemcmia persisted, two infusions of 150 cc each 
of a 15 per cent solution of ammo acids (6 Gm of nitrogen) diluted to 450 cc with 5 per 
cent dextrose solution were given daily for fourteen days, without increase m the serum 
proteins or impiovement in the nutritional state Because the presence of symptoms and 
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signs of partial obstruction made surgical intervention appear inescapable, an attempt was 
made to maintain the patient in nitrogen equilibrium and furnish his caloric requirements 
entirely by intravenous infusion in order to afford rest to the gastrointestinal tract before 
opeiation For four days preceding operation food was not given by mouth The onl> 
food available was given intravenously in solutions containing 15 per cent amino acids and 
10 per cent dextrose and in a few small transfusions of whole blood (table 1) The number 
of calories furnished by this material generally exceeded 1,500 for each twenty-four hour 
period Minerals were supplied b} adding concentrated Ringer-Locke solution to the infu- 
sions The patient volunteered the information that his abdominal pain decreased markedh 
during this period 

At operation, a large pelvic mass was found in the cul-de-sac It consisted of loops of 
ileum, cecum and a considerable amount of acute and chronic inflammatory tissue The 
tip of the appendix was, on careful dissection, found to be incorporated in the mass Gross 
and microscopic study of the specimen removed at operation failed to decide whether the 
original condition was a regional ileitis mv'olving the cecum and appendix or an appendical 
abscess involving the ileum 

For eight days after operation, the patient was, except for small transfusions (table 1), 
fed parenterally with solutions of dextrose and ammo acids His nutritional state was 
excellent, judged by prompt healing of his wound, continuous positive nitrogen balance and 
increase in serum proteins (chart 2) The nitrogen derived from transfusions was calculated 
from the serum protein content and amount of blood used Five months after operation, 
the patient was fairly well IIis weight was 141 pounds (64 Kg), and he was earning his 
livelihood Serum proteins were within normal limits and at about the level shown on the 
thirtj -ninth day after operation (chart 2) 

Case 3 — C H , a 21 j'car old white woman, was admitted to the hospital on April 31, 
1940, with complaints of generalized edema, headaches and irregulantj of the menses Of 
interest in her past historj' were the facts that she had suffered an uncomplicated attack 
of scarlet fever in childhood and that she had had otitis media necessitating mjrmgotomy 
at the age of 17 

During the summer of 1937, while traveling in Europe, the patient became ill of a 
sev'crc infection of the upper rcspiratorj tract, which subsided in about ten days On her 
return to this country four months later, puflincss about the eyes and edema of the ankles 
were noted, and she w'as told bj her phjsician that she had nephritis A year later gener- 
alized edema appeared During the three jear interval between the onset of the edema and 
admission to this hospital, the patient felt quite well, altliough it was learned from the 
physician’s record that large amounts of albumin and numerous formed elements were regu- 
larly found m the urine and that hypoprotcincmia. In pcrcholesteremia and anemia were 
continually present Arterial pressure w'as normal 

On examination, the generalized edema and pulHncss about the ej'es were seen to be 
marked The skin was pasty Slight increase in light reflex of the retinal arteries was 
noted The arterial pressure varied between 140 and 160 mm of mercury systolic and 96 
and 110 mm diastolic Examination otherwise showed nothing abnormal 

There were 2,7SOiOOO red blood cells per cubic millimeter and 9 Gm of hemoglobin per 
hundred cubic centimeters of blood The leukocytes were normal as to number and v'arietj 
The lev'el of sugar in the blood was 86 mg per hundred cubic centimeters, urea nitrogen 
28 to 33 mg , total cholesterol 830 to 1,100 mg , total protein 3 94 to 4 8 Gm (albumin 
about 15 Gm and globulin 2 5 Gm), calcium 86 mg, phosphorus 5 9 mg and phosphatase 
92 Bodansky units The Wassermann reaction of the blood was negative The basal 
metabolic rate was — 15 per cent Roentgenograms showed the heart to be enlarged to 
the left and demonstrated coaise trabeculations of the humeri The electrocardiogram was 
normal Examination of the urine yielded a maximal specific gravity of 1 012 Seven to 
10 Gm of albumin was found regularly in each twenty-four hour specimen of urine 1 e 
centrifuged sediment under the microscope showed 1 or 2 granular casts per high power 
field, occasional waxy casts, white blood cells and rare red blood cells Doubly refractive 
bodies were shown to be present by the polarizing microscope Phenolsulfonp itha em 
excretion was 27 5 per cent in two hours The standard urea clearance u'as 38 2 per cen 
of normal , 

The patient was placed on a salt-poor, low fat diet containing 120 Gm of protein an 
on 1,500 cc of fluid daily After an observation period of one month, 500 cc of a 5 per 
cent solution of amino acids with 5 per cent dextrose was administered daily for fourteen 
days in addition to the regular diet Total output of urinary nitrogen, including the a umin 
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nitrogen, was detei mined daily foi se\en day periods before, during and after the fourteen 
day period of treatment Values for fecal nitrogen and serum piotein were obtained fre- 
quentl}’’ Increase in the level of the seium proteins failed to occur (cbait 3), and there 
was no change in the output of ui inary albumin During the period of study, consumption 
of the diet was complete The weight was constant, the hematocrit value did not change, 
and there w'as no obMOUS change in the clinical condition 

The patient w'as readmitted to the hospital in October 1940, seriously ill with diffuse 
bilateral bronchopneumonia, showm by physical examination and roentgenograms of the lungs 
During the peiiod of acute infection, the total cholesterol level in the blood decreased and 
the serum proteins increased (chart 4) When she recoveied, both values returned to pre- 
vious levels The blood pressure on admission was 136 to 160 mm of mercury systolic and 
100 diastolic Renal function as shown by phenolsulfonphthalein excietion and urea clear- 
ance had not changed appreciablv In Apiil 1941 the patient W'as again readmitted for 
stud} The albumin portion of the seium proteins was for the first time noted to be greater 
than the globulin (chart 4) Since this time, frequent observation in the clinic show's that 
the blood pressure has been increasing (systolic leiel at the time of wanting 156 to 164 and 
diastolic 110 mm of mercur}'), while edema and body weight have been decreasing The 
degree of anemia is unchanged The urea nitrogen content of the blood has risen to 54 mg 
per hundred cubic centimeters and the level of the serum proteins to 6 Gm , with albumin 

3 3 Gm and globulin 2 7 Gm The total cholesterol content of the blood has decreased to 
384 mg per hundred cubic centimeters Renal function as measuied by the standard urea 
clearance has fallen steadih to 25 per cent of normal, and phenolsulfonphthalein excretion 
has diminished to 21 per cent in two hours (chart 4) Doubly refractive bodies are no 
longer demonstrable in the urine The albumin content of tw'enty-four hour specimens of 
urine now ranges from 3 to 5 Gm pei hundred cubic centimeters 

Casc 4 — J C , a 41 year old white man, was admitted to the hospital on April 4, 1940, 
with tlie chief complaint of sw'elling of the legs, he left the hospital against advice tw'O 
months later and w'as readmitted on August 4, during which admission the present study 
was begun He suffered an attack of scarlet fevei m childhood and had gonorrhea at the 
age of 17 and had been sub 3 ect to heroin (diacetylmorphine) addiction since the age of 21 
The present illness began in 1938, wuth edema of the ankles, gradually progressing to 
anasarca within two months On his admission to a hospital at that time, it w'as noted 
that the urine show'ed a 4 plus reaction for albumin and contained occasional red blood 
cells and casts and that the concentration of serum pioteins was low (3 5 Gm per hundred 
cubic centimeters), with albumin and globulin present in equal quantities 

On examination, a poor state of nutrition and pallor w'ere obvious The systolic blood 
pressure varied from 130 to 160 and the diastolic from 94 to 104 mm of meicury Slight 
increase of the light reflex of the retinal arteries was present Numerous pigmented pitted 
scars of the skin of the extremities, trunk and abdomen w'cre said by the patient to be 
the sites of injections of the narcotic during the last fifteen years or more Examination 
otherwise showed nothing abnormal 

The red blood cells numbered 2,800,000 and the leukocytes 7,300 per cubic millimeter, 
and 11 Gm of hemoglobin was present m each hundicd cubic centimeters of blood The 
values for sugar, calcium and phosphorus in the blood were normal The blood urea nitrogen 
varied from 26 to 42 mg per hundred cubic centimeters, the serum proteins from 4 to 

4 8 Gm, the albumin fraction from 2 4 to 2 8 Gm and the total serum cholesteiol from 

450 to 600 mg The Congo red absorption test was not indicative of amyloid disease 
The Wassermann reaction of the blood and the spinal fluid was negative Examination of 

the urine showed a maximal specific gravity of 1 014, an albumin content of 6 to 12 Gm 

in twenty-four hours and absence of reducing agents Microscopic examination of cen- 
trifuged sediment regularly showed occasional granular and hyaline casts, a few' white 
blood cells and rare red blood cells Doubly refractive bodies in the urine were frequently 
demonstrable The standard urea clearance was 28 per cent of noimal, and the phenol- 
sulfonphthalein excretion was 20 per cent m two hours 

The patient was placed on a salt-poor, low fat diet, containing 120 Gm of protein 
His fluid intake was regulated at 1,500 cc in twenty-four hours Fiom 15 to 30 mg of 
morphine sulfate was necessary five times daily to control the symptoms of addiction, 
and all efforts to stop use of the drug failed Generally, he consumed the major portion 
of his diet but occasionally complained of anorexia and lassitude Additional amounts of 
protein and iron given orally did not affect the hypoproteinemia or anemia After a pre- 
liminary period of observation (one month) daily intravenous injections of 180 cc of 20 
per cent solution of ammo acids diluted with an equal quantity of distilled water were 
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Chart 3 (case 3) — The lc\tl of tlie scrum proteins and the iinnar\ nitrogen excretion are 
shown fot periods before, dining and after the intravenous adiininstration of ammo acids 
The light portion of the columns winch represent total sernm proteins indicates the lex el of 
serum albuiinii The iinnaij nitrogen excreted elnring each twent\-four hour period is shown 
in blocks at the bottom of the chart The cross-hatched area indicates the period during which 
500 cc of a 5 per cent solution of amino acids was injected dailj Siginficant change in the 
lc\cl of serum proteins did not occur 



Chart 4 (ease 3) — Pertinent data obtained dining a twenty month period of obserxa ion 
Progressn e increase in blood pressure is accompanied by decrease m lipemia and 
tion The arrow's indicate the period of intravenous amino acid therap}' (detail siown in 
chart 3) Of interest are the abiupt decrease in the cholesterol values and the increase o 
the globulin fraction of the serum protein during the period of acute febrile illness 
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gnen foi eighteen cla'is in addition to the leguHi diet Each 100 cc of undiluted ammo 
acids contained 2 Gm of nitrogen The total output of urinaiy nitrogen, including albumin, 
was measured foi periods of one w'cek before, during and after the period of administiation 
of the ammo acids Values foi fecal nitiogen and serum protein were obtained fiequently 
After the series of injections of ammo acid solutions was completed, a small but definite 
use in pioteins w'as noted and the level continued to use, leaching a peak thiity-six dajs 
later (chait 5) The increase in the sciuni piotein lc\el oceuiied chiefly in the albumin 
fraction Duiing the next thice months, the seium piotcins fell slowdy to the piexious le\el 
and the patient became listless eating his diet only on constant pei suasion 

The patient was then lestudied undci the same conditions except that largei amounts of 
ammo acids were administeied Three hundicd cubic centimeters of 15 per cent (2 Gm 
of niti ogen per hundi ed cubic centimetei s) solution diluted w ith an equal amount of w ater 
was gi\en daih foi sixteen da^s Dm mg the first week of administration, a peiceptiblc 
rise in serum pioteins was noted (chart 5) and the mciease continued to a peak of 5 9 Gm 
per hundi ed cubic centimetei s twehc daas aftei cessation of therapj" The increase again 
occiii 1 ed in the albumin fraction Dui ing both pci lods of thei apy thei c w as fairh com- 
plete consumption of diet, hodj' weight and hematocrit \ allies wcic constant Dm mg the 
latter pait of the second peiiod of therapi the patient stated that he thought he could 



Chait 5 (case 4) — The level of the serum protein and the uiinaiy nitrogen output are 
show’ll for periods before, during and after the intraienous administration of amino acids 
The light portion of the columns which repiesent total serum proteins indicates the le\el of 
serum albumin, the solid black, serum globulin The uiinary nitrogen excreted during each 
tw’enti -four hour period is siiowm in blocks at the bottom of the chart The cross-hatched areas 
indicate the periods during which 180 cc of a 20 per cent solution and 300 cc of a 15 pei cent 
solution of ammo acids respectively were given daily During a tw'o dav period the adminis- 
tration of ammo acids was omitted , the arrow’ points to the drop in urinary nitrogen 


dimmish his daily morphine i equirements, and at the end of the peiiod he voluntaiily ceased 
Its use As far as can be judged, he has not reverted to its use again He w’as discharged 
from the hospital on June 15, 1941 and has been periodically observed m the clinic 

Since the patient’s condition appeared excellent, it was decided to test wdiether serum 
protein levels might be maintained by the oral administiation of the same preparation of 
ammo acids used intravenously He has therefore ingested 300 cc of a 15 per cent solution 
m addition to his regular diet every two days ever since, without difficulty Five months 
after discharge his serum proteins were still at a level of 5 8 to 6 Gm per hundred cubic 
centimeters Arterial pressure, serum cholesterol, phenolsulfonphthalem excretion and urea 
clearance values changed but little (chart 6) The urine still showed a maximal specific 
gravity of 1 014, with the albumin content and the variety of formed elements m the sedi- 
ment unchanged The patient seems to be m fair health and has no complaints except 
constant slight edema of the ankles The anemia has persisted For the first time in three 
years, he is gainfully employed 
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Case 5 — L L, a 60 year old Norwegian, a former seaman, was admitted to the neuro- 
logic service on Aug 6, 1939 because of difficulty in walking for the past fifteen years and 
increasing dysarthria for nine years The only seemingly relevant facts in the history were 
that he had gonorrhea and a chancre in his youth 

On examination, the patient appeared poorly nourished and pale The retinal arteries 
exhibited arteriosclerotic changes The tongue deviated to the right on protrusion The 
heart and lungs were essentially normal on both physical and roentgen examination The 
arterial pressure was 100 systolic and 60 diastolic The abdomen was normal, but muscular 
tone was poor The peripheral arteries were beaded and tortuous wherever palpable Neuro- 
logic signs pointed to diffuse involvement of pyramidal and cerebellar tracts and to moder- 
ately advanced mental deterioration The extremities showed atrophy of the muscles Edema 
was not present 

The number of erythrocytes varied from 3,800,000 to 4,000,000 per cubic millimeter 
Each 100 cc of blood contained 11 to 12 Gm of hemoglobin The leukocytes numbered 
8,200 per cubic millimeter, of which 70 per cent were polymorphonuclear leukocytes and 
30 per cent lymphocvtes The urine was normal Tlie Wassermann reaction of both blood 



Chart 6 (case 4) — Pertinent data obtained over a twenty month period of observation 
Few changes are noted except in the values for serum protein The height of each column 
at the bottom of the chart represents the average of three or more measurements of tota 
serum proteins obtained during each month , the cross-hatched areas, serum globulin, an 
the clear portion, serum albumin Two sets of arrows indicate the intervals during w ic 
amino acids were given intravenously (details shown in chart S) Increases in serum pro- 
tein follow both periods of therapy and have been maintained after the second perio y 
the oral administration of ammo acids 

and spinal fluid was negative, and the colloidal gold curv^e of the spinal fluid was normal 
Total serum proteins never exceeded 4 8 Gm per hundred cubic centimeters vvhi e e 
subject was under observation The albumin content of the serum was regular y 3 m 
per hundred cubic centimeters Values for blood sugar and urea nitrogen, total choles ero 
and cholesterol esters were always within normal limits . 

The patient’s difficulties were ascribed chiefly to cerebral arteriosclerosis Orcasiona 
febrile episodes probably due to ill defined areas of bronchopneumoma occurred Frequen 
periods of complete anorexia, sometimes necessitating gavage, and lack of sufficient pro ein 
intake were thought to be factors contributing to the hypoproteinemia On three separa e 
occasions, during periods of complete anorexia, infusions of 500 cc of 5 per cent ammo 




MESSINGER— NITROGEN EQUILIBRIUM 


101 


acids with 5 pei cent dextrose solution were followed by immediate return of appetite and 
request for food Infusions of 5 per cent dextrose solution alone did not secure this response 
He was then given 500 cc of 5 per cent solutions of amino acids (5 Gm of nitrogen) with 5 per 
cent dextrose daily, intravenousl}', in addition to his regular diet, containing 100 Gm of protein, 

in an effort to raise the level of the seium protein Two weeks of daily infusions of 

amino acids failed to raise the level of the serum proteins 

The patient died of an intercuirent pneumonic infection four months after the period 
of observation Postmoitem examination of the biain substantiated the diagnosis of cerebral 
artei losclerosis with involvement of pyramidal and ceiebellar structures The lungs exhibited 
numerous small areas of consolidation The state of the liver was, of course, of especial 
interest, since one obvious reason for failure to regenerate serum proteins is impaii ment of 
that function of the liver which is responsible foi their elaboration It weighed 600 Gm 

and appeared brownish led, and its surface was finely granular On section, lobulation 

appeared prominent, and the parenchyma had a peculiar dull brown appearance Micro- 
scopically, the lobules of the liver were surrounded by fine strands of connective tissue and 
scattered lymphocjhes The hepatic cells were small and in some instances vacuolated 
Vacuolation was showm by the use of special stains to be due neither to fat nor to glycogen 
The significance of these observations will be discussed 


COMMENT 

The observation in 1 case (case 2) that solutions of amino acids admmisteied 
intravenously can maintain nitrogen equilibiium (chart 2) when these substances 
are the only souice of mtiogen available confirms previous reports by other 
workers It is probable that wdien quantities as laige as 900 cc of a 15 per 
cent solution are admimsteied daily (case 2) appreciable amounts may be lost 
m the urine, but the continuous positive mtiogen balance achieved postoperatively 
in case 2 makes it evident that a large propoition of the acids Avas utilized Par- 
ticular attention is directed to the laige output of mtiogen in this case in the 
days immediately following opeiation Although Elman has lecently empha- 
sized the fact that the occurrence of this phenomenon is a frequent postoperative 
event, its impoitance wMth regaid to replacement theiapy has not been geneially 
appreciated 

Increase in serum proteins followung the intiavenous use ot amino acids has 
been moi e difficult to demonsti ate than simple maintenance of niti ogen equihbi lum 
It IS believed that such inci eases have been shown to occur m 3 patients in the 
piesent study (cases, 1, 2 and 4) Ihe fact that these patients w^eie obseived 
for ovei considerable periods piioi to the admimstiation of ammo acids without 
exhibiting increases in serum protein under very favorable circumstances of envi- 
ronment and diet makes it extiemely unlikely that the increases m seium proteins 
obsen^ed aftei administration of amino acids Aveie unrelated to this event Since 
the reasons for the existence of the hypopiotememia in the patients under dis- 
cussion w'ere, in all probability, diffeient, the lesults obtained will be desciibed 
in detail 

The inciease in seium protein follow^ed closely by mciease in body weight 
(case 1) suggests that the amino acids not only contiibuted to the legeneration 
of seium protein but may have contiibuted to rebuilding of other protein tissues 
of the body It is inteiestmg also that the mciease in total serum protein took 
place in the albumin fraction, just as is the case in peiiods of spontaneous improve- 
ment in instances of cnihosis of the hvei Despite a return of the serum pro- 
teins to normal levels, anemia peisisted Since iron taken orally tended to cause 
diarrhea m this patient, large amounts of parenteral iron were given , the anemia 
lesponded slowly to this therapy, but, contraiy to expectations, the new hemoglobin 
was formed without a fall in the serum proteins Persistence of hypoproteinemia 

13 (a) Elman, R Parenteral Replacement of Protein with the Amino-Acids of Hydro- 
Ijzed Casein, Ann Surg 112 594, 1940 (6) Shohl, Butler, Blackfan and MacLachlan ^ 
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and anemia in spite of the fact that the patient’s diet was considered adequate in 
all essentials necessai} foi legeneiation ot seuim jirotein and pioduction of hemo- 
globin may be explained b} deficient absoiption fioin a clefectne gasti owtestinal 
tiact ’W bethel oi not a defect was piesent it is clear that the administiation of 
easily iitilizable intiavenons acids helped this patient letain sufficient nitrogen foi 
legeneiation of seuim piotein, repletion of piotein stoics and production of 
hemoglobin 

That in case 2 the seuim pioteins piioi to opeiation failed to inciease was 
not unexpected, since it is ncll known that in the picsence of infection the mech- 
anism of seinm piotein legeneiation may be impaired When the souice of 
infection was suigicall) eiadicated, howcier a small mciease in seuim proteins 
began to be appaient on the sixth day aftei opeiation and the level continued to 
use slowly This fact is of especial significance because the only source of nitiogen 
a^ailabie dining the postopeiatne peiiod was suiiphed in the form of parenteiall) 


Tabu; 2 — Dafa on a Gtout' of Pahculs Ticatcd ivtth Ammo Acid'; lultavcnoiislv 


Pntlcnt 

hgc 

Sc\ 

DIngnosIs 

Complicating Pnetor 

Eesponse to Intraienons 
linino Acids 

H E 

jl 

1 

Ilipertcn=i\e cnrdioi a' 
ciilnr rll'casc right 
hemiplegia parkln^on 
Isni, cliahetes mellitu': 

Stone in eoininon duct, 
with jaundice diabetic 
acidosis 

Appetite and diabetic control 
restored 

I B 

27 

r 

Elieumntold arthritic 
o£ hips and cpinc 

Bilateral artliroplactc 
of hip 

‘•eicre anorexia following 
each operation corrected in 
cncli instance 

M B 

31 

r 

BoclcneephaliUc park 
Incoiilcin 

H\o<-clne toNleltj 

Anorexia uncontrolled by 
usual tliernpj, including 
Intraienous iniection of elec 
troljtes return of appetite 
fl\o hours after use of amino 
acids 

E L 

22 

r 

Hodgkin’s dlsoacc 

Xnusca AOmltlng and 
anorexia following 
roentgen tlierapj 

Prompt cessation of simp 
toms on two occasions 

JI L 

CS 

M 

Uipertrophj of pro= 
tato iiith diminution of 
renal function 

Intestinal obstruction 
caused bj carcinoma of 
«lgino!'l resection of 
left portion of colon 

Complcto anorexia for no 
apparent reason ten dajs 
lifter operation patient 
objected \ioIentlj to gavage 
anorexia orercoine 


administei ed ammo acids Rapid healing of the w'ound and an othei wise unusually 
smooth convalescence confirm previous obseivations concerning the importance 
of maintaining nitiogen balance and nonnal serum piotein values in surgical 
patients 

The mciease m seium proteins following injections of amino acids m case 4 
and the failure to mciease m case 3 w^ere discussed in a pievious communication 
The lesults are now’' leuew'ed aftei long peiiods of obseivation At the time of 
the first leport the 2 patients appeared to exhibit similar clinical and laboiatory 
data, but it may be significant that in 1 (case 3) the condition has progiessed into 
a rathei typical chronic nephritis Avhile similar changes have not taken place in 
the other (case 4), who appears at the time of Ainting to be in a fair state of 
health In case 4, as in case 1, the mciease in the albumin fraction was lespoii- 
sible for the use in the level of serum piotein The ability of orally ingested 
ammo acids to maintain the mciease in the serum protein obtained by the mtra- 

14 (a) Whipple, A O The Critical Latent or Lag Period in the Healing of Wounds, 
Ann Surg 112 481, 1940 (ti) Mecray, P M , Barden, R P, and RaAdin, I S Nutri- 
tional Edema Its Effect on the Gastric Emptying Time Before and After Gastiic Upera 
tions. Surgery 1 S3, 1937 (c) Jones and Eaton 
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venous use of amino acids has now been satisfactoi ily demonstrated ovei a peiiod 
of nine months The fact that the patient (case 4) failed to regeneiate seium 
protein oi hemoglobin on a diet that was consideied adequate foi these pui poses 
until he was gnen amino acids mtiavenousl}^ laises an inteiesting problem 
^^'hetbel his abilit} to absoib pioteins as such fiom the gastiomtestinal tiact is 
nnpaned oi whethei he lacks ceitain of the enzyme systems necessai} for the 
breakdowm and subsequent utilization of pioteins aftei they have been absoibed 
is not appaient fiom this study That he w^as able subsequently to maintain 
the seium piotein le^el with oially ingested ammo acids suggests that his diffi- 
culty lies in handling of wdiole proteins and then split products It is so unusual 
as to be woithy of note that twenty yeais’ addiction to a naicotic (heioin [diacetyl 
moiphme]) has been inteiiupted 

In a recent review^ on the plasma pi oteins^ Madden and Whipple discussed 
the lole of the luei in the formation of these substances and the evidence presented 
points to that organ as being the site of production of albumin, fibrinogen and at 
least part of tbe globulins in the expciimental animal If the livei is the organ 
largely lesponsible foi the formation of the plasma pioteins in man as well, 
then the finding at autopsy of an atiophic livei m 1 of our patients (case 5) is a 
possible explanation for his inability to manufactuie new' seium pioteins In this 
connection the lepoit of a dog wuth an Eck fistula that could form only about one 
tenth as much plasma piotem on a standard diet as could contiol animals may 
be mentioned This animal consequently lemamed hypopioteinemic At autopsy, 
the liver w'as found to be markedly atiophic 

The retuiii of appetite following intravenous admmistiation of ammo acids 
(case 5) has been repeatedly demonstrated in oui hospital m a vaiiety of clinical 
states, but attempts were not made to study the utilization of the injected material 
Table 2 briefly summarizes the data on a group of 5 patients, w'ho w'eie thus 
treated after the usual methods failed to relieve the apathy for food 

CONCLUSIONS 

Amino acid solutions intiavenously administeied in sufficient quantities have 
been shown in 1 instance to maintain positive nitiogen balance 

In certain patients injections of intravenous ammo acids are followed by 
increases in seium proteins 

Solutions of ammo acids given intiavenously appeal to be of value in relieving 
intractable anorexia 


15 l^Iadden, S C , and Whipple, G H Plasma Proteins Their Source, Production and 
Utilization, Physiol Rev 20 194, 1940 

16 Knutti, R E , Erickson, C C , Madden, S C , Rekers, P E , and Whipple, G H 
Liver Function and Blood Plasma Protein Formation, J Evper Med 65 431, 1937 



1 RICUSPID STENOSIS 

IKCIDCNCC AND DIAGNOSIS 
CURTIS F GARVIN, MD 

CL^VCLA^D 

Data concerning the incidence of tricuspid stenosis lecentl} have been compiled 
Cooke and White ^ This indicates that the tiadition of the rarity of tricuspid 
stenosis may be pai tly due to numerous compilations of isolated case reports and to 
disci epancies dependent on ^arIatlons m defining stenosis These investigators 
found that between 1920 and 1937 Ihcie were 217 cases of iheumatic heart disease 
noted m 4,300 autopsies at the Massachusetts Geneial Hospital In 47 of these the 
tricuspid valve was affected, and in 30 thcie w'as tricuspid stenosis thought to be 
of sufficient degtce to be of clinical significance 

In these 30 cases of Cooke and White ^ the diagnosis was made befoie death in 1 
and suspected m 2 more Their conclusion w’as that the diagnosis of tricuspid 
disease is difficult, but that if due attention w'Cie paid to the history and the clinical 
examination of the patient and to the roentgenogram of the heart, the diagnosis 
would be made more frequently No one sign in their experience w^as pathog- 
nomonic, but they listed in order of importance the following clues a middiastolic 
murmur localized over the tiicuspid aiea, chronic and w'ell marked systolic pulsa- 
tion of the deep jugular veins, ascites in the absence of congestion of the lungs, 
enlaigement of the shadow of the heart to the right, deviation of the esophagus 
to the left, cyanosis and sometimes jaundice, enlargement of the liver w’lth or 
without pulsation, peisistently raised venous pressuie and a prolonged circulation 
time for the right side of the heart 

This study of tricuspid stenosis is based on 13 cases pioved to be such post 
moitem at the Cleveland City Hospital m the decade from January 1930 to Decem- 
ber 1939, inclusive During this period there w'ere 6,548 autopsies, of wffiich 119 
pertained to patients w'ho died piimaiily of rheumatic heart disease (there were 
many others that show'ed slight involvement of the heart by rheumatic fever) The 
119 patients with fatal rheumatic heart disease included 43 (36 1 per cent) who had 
involvement of the tricuspid valve, m 13 of whom the process had advanced to 
definite tricuspid stenosis (10 9 per cent of the 119) 

The valves affected m the wdiole group of 119 patients w^eie 


Miti al alone 

28 

Aortic alone 

3 

Mitral and aortic 

45 

Mitral and tiicuspid 

4 

Mitral, aortic, and tricuspid 

34 

Mitral, tricuspid and pulmonic 

1 

Mitral, aortic, tricuspid, and pulmonic 

4 


119 


From the Depaitment of Medicine of the Cleveland City Hospital and the Western 
Reserve University School of Medicine 

1 Cooke, W T, and White, P D Tricuspid Stenosis, with Particular Reference to 
Diagnosis and Prognosis, Brit Heart J 3 147 (July) 1941 
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Thus, of 119 cases of death fiom rheumatic heait disease, the mitral valve was 
affected m 116 cases, the aoitic m 86, the tiicuspid in 43 and the pulmonic in 5 
Study of the 13 cases of tiicuspid stenosis failed to reveal any symptoms or 
signs valuable in diagnosis be}ond those listed by Cooke and White It was 
possible, however, to support especially a point brought out by Cooke and White in 
leference to pulsation m the neck veins These investigators found that deep 
jugulai pulsation signified tricuspid legurgitation only, whether due to functional oi 
to 01 game disease But they felt that there was a “sti oiig p) obobihty, in fact almost 
a cci tainty, oj the p 7 csence of ti tcuspid stenosis m the case of a patient m the fow th 
01 fifth decade with iheiimatic hcait disease who has had foi yeais maiked systolic 
deep jugnlai pulsation with little oi no congestive failiiie" 

In the series studied heie, of the 119 peisons who died of iheumatic heart 
disease, 7 had significant chionic organic tricuspid insufficiency Of these, at 
autopsy, 6 showed marked tricuspid stenosis, the seventh, slight stenosis In 
short, iheie was not a single case of oiganic tricuspid insufficiency without stenosis 
of some degice It would appear that the piesence of tiicuspid insufficiency con- 
sidered clinically to be organic is strong eiidence in favor of the diagnosis of 
tricuspid stenosis 

Of the 13 cases of tiicuspid stenosis, 3 weie diagnosed clinically One of these 
IS leported, chiefly because the stenosis was extraordmaril}, seveie 

REPORT OF A CASE 

J D, a white man aged 36, wdio entered the Qeveland City Hospital Oct 21 , 1938, 
complained of shortness of breath He had been in good health until May 1937, wdien he 
noticed w'eakness, shortness of breath on exertion, cough and swelling of liis ankles These 
symptoms became increasingly severe, so that he w'as virtually incapacitated during the yeai 
before he was admitted to the hospital An acute psychosis with an attempt at suicide w^as 
the immediate cause for hospitalization There w'as no past history of rheumatic fever 
Examination showed the patient to be well developed but ortliopneic and acutely ill 
The skin and the mucous membranes showed a combination of moderate cyanosis and slight 
icterus The veins of the neck were distended With blood and pulsated There were rales 
at the bases of the lungs The liver was enlarged, the edge being 6 cm below the costal 
margin, and definitely seemed to pulsate The legs and the back were edematous 

The heart was much enlarged in all directions Theie was a systolic thrill at the base, 
with a diastolic one at the apex At the base and to the left of the upper part of the ster- 
num there were a systolic and a diastolic murmur, the latter having the characteristics of 
one due to aortic insufficiency At the apex there was a systolic murmur, as well as a dias- 
tolic murmur of a rumbling nature with a presystohe accentuation In addition, a systolic 
and a diastolic murmur were noted in the xiphoid region The cardiac mechanism was 
normal, and there was a gallop rhythm The pulse was of the Corrigan type The blood 
pressure was 184 systolic and 60 diastolic 

The venous pressure was 22 cm of blood, and this increased to 28 cm when the liver 
was pressed on The decholin circulation (arm to tongue) time was forty-one seconds, and the 
ether circulation time was thirteen seconds The vital capacity was 3,000 cc , which was 68 per 
cent of the estimated normal Wassermann tests of the blood and the spinal fluid gave 
normal results The specific gravity of the urine was 1 032 , the reaction for albumin was 
grade 4 The red blood cell count was 6,000,000 per cubic millimeter, and the value for 
hemoglobin was 22 3 Gm per hundred cubic centimeters of blood 

Fluoroscopic examination of the heart and roentgenograms of the chest showed the car- 
diac shadow to be considerably increased in size in all directions The transverse diameter 
measured 23 cm in relation to the greatest internal diameter of the chest, which was 35 cm 
The left ventricle was greatly increased in size in both the posteroanterior and the second 
oblique view In the first oblique view the left auricle was slightly enlarged and the pul- 
monary conus was prominent The pulsations of the heart were increased in amplitude and 
weie regular The aorta was normal The lung fields were clear 

The electrocardiogram showed left axis deviation, low voltage and splintering of the 
QRS complex in lead III 
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Despite appropriate treatment the patient’s cardiac failure became increasingly severe 
He died Jan 7, 1939 

The clinical diagnosis was iheumatic heart disease with aortic insufficiency and stenosis 
mitral stenosis and insufficiency, tricuspid stenosis and insufficiency, cardiac hypertrophy and 
dilatation, and myocaidial insufficiency 

Autopsy (Dr L L Teiry) —External findings were negatne except for pitting edema 
of the legs 

The heart weighed 825 Gm The right atrium w-as sliglitly dilated, and the musculature 
was hyperti opined Tlie oiifice of the tricuspid \ahe had a fish mouth appeal ance, the 
circumference measuring 3 5 cm (figure) The right ventricle was relatively small, and the 
wall measuied 4 mm in thickness The pulmonary \alvc was normal 

The left atrium w'as moderately dilated, the wall was thickened and the endocaidium 
more opaque than usual The mitral vahe showed a moderate degree of stenosis, the 
circumference of the orifice being 6 cm The left ventricle was markedlv enlarged,’ and 
the wall measured 19 mm in thickness The cusps of the aortic \ahe were adherent, and the 
edges w'ere thickened and rolled in toward the sinuses of Valsaha The coronar}' arteries 
were normal 



A marked!}' stenosed (fish mouth) tricuspid aalve seen from abo\e, in a case of chronic 
iheumatic heart disease 


The lungs show’ed severe chronic passive hyperemia with numerous recent and remote 
infarcts The liver w'cighed 2,100 Gm and w'as the site of typical cardiac ciirhosis The 
remaining nscera show'ed chronic passive hyperemia 

The diagnosis was chronic rheumatic heart disease w'lth hypertrophy and dilatation , 
chronic rheumatic endocarditis with stenosis and insufficiency of the mitral, aortic and 
tricuspid valves, infarcts of the lungs, thrombi in the pulmonary arteries, caidiac cirrhosis 
of the liver, and chronic passive hvperemia of the viscera 

COMMHNT 

The clinical diagnosis of tiicuspid insufficiency and stenosis in this case was 
made principally on the basis of the combination of a systolic and a diastolic murmui 
m the xiphoid region, the systolic jugular pulsation, the pulsation of the livei and 
the peculiar cyanotic-icteiic appeal ance of the patient 

The degree of stenosis of the tricuspid valve was A'ery serere In none of the 
other cases studied was the stenosis as severe It is notable that ivith an oufice so 
stenosed the jugular veins and the liver neveitheless showed pulsations This indi- 
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cates that stenosis of even extieme degiee need not pi event the phenomenon of 
insufificienc} of the valve The nnpoitance of the oiganic tiicuspid insufficiency as 
an indication of piobable stenosis has lieen noted 

Such maikecl tiicuspid stenosis occuiiing in a male is also notewoithy Smith 
and Le\ me - foi example have pointed out the pi epondei ance of females with 
tiicuspid stenosis and ha^e \Mitten that in then peisonal expeiience the} have never 
encounteied a male ^^lth maiked tiicuspid stenosis 

Smith and Lewne also stated that in then cases the degiee of stenosis of the 
initial Aahe was al\\a}S as gieat as oi gieatei than that of the tiicuspid valve 
Again this case is exceptional, foi the tiicuspid stenosis was moie seveie than the 
initial stenosis 

SUMMARV 

Ot 119 consecutive patients who died of iheumatic heart disease and w^eie 
examined post moitem, 43 (36 1 pei cent) show'ed involvement of the tricuspid 
^alve, and m 13 of these the piocess had achanced to definite tiicuspid stenosis 
(10 9 per cent of the 119 cases of iheumatic heait disease) 

No new' s}mptoms or signs helpful in diagnosis w'eie discoveied The study did 
emphasize howe\ei, the importance of chionic oiganic rheumatic tiicuspid iiisuf- 
ficienc} as an indication that stenosis is likely, toi in all the 7 cases of organic tri- 
cuspid insufficiency included m the senes theie was more oi less stenosis 

Three cases of tricuspid stenosis w'eie diagnosed clinically One of the patients 
had vei} severe tiicuspid stenosis, the circumfeience of the orifice measuiing 3 5 cm 
Ne\ertheless, clinically theie was pulsation of the jugulai veins and of the hvei 
Appaienth marked stenosis of the tricuspid \alve need not pi event the phenomena 
of tricuspid insufficiency 

3395 Scranton Road 

2 Smith, J A , and Levine, S A Tlie Clinical Features of Tricuspid Stenosis, Am 
Heart J 23 739 (June) 1942 



CHOLESTEROL CONTENT OF THE URINE IN 
PATIENTS WITH CANCER 

MAURICE BRUGER, MD 

NFW \ORK 

With thc Techktcal Assistavce of 
SYLVIA B EHRLICH, BS 

In lecent years, theie has been an unusual amount of conjecture as to the 
significance of the configurational similarity of the sex hormones, bile acids, 
vitamin D, cholesterol and the carcinogenic polycj die hydrocarbons j\luch specula- 
tion has been devoted particularly to the chemical relationship between the sex 
hoimones and carcinogenic princiiiles in the etiology of cancer Sobotka^ quoted 
Cook, who stated that “the cell proliferation which characterizes the estrous state 
IS in some respects reminiscent of the eail} stages of malignant growth,” and 
Sobotka furthei conjectured that, while biodehydrogenation of sterols or bile acids 
ina} be the physiologic method for the production of the sex hormones, further 
deh} drogenation by a fault}'’ mechanism may give rise to tumor-stimulating 
substances 

Sobotka and Bloch - were unable to find any positive chemical or biologic evidence 
for the presence of carcinogenic hydrocarbons in large quantities of pooled urine 
from patients with cancer However, they were able to confirm their previously 
reported observation^ that urine fiom such patients contained larger quantities of 
cholesterol than that of normal subjects The hypercholesteruria was attributed 
either to an anomaly of cholesterol metabolism inherent m persons with cancel or 
to destruction of malignant tumor tissue, which is known to be rich in cholesterol 
The latter theoiy was given prefeience Cachexia as a possible cause for the 
increased excretion of urinary cholesterol was ruled out by control studies on cardiac 
and tuberculous patients In 1940, Sobotka, Bloch and Rosenbloom ^ analyzed 
individual twenty-four hour specimens of urine from patients with cancer and com- 
pared the excretion of cholesteiol with that of normal subjects and of patients 
afflicted with diseases other than cancer Although hypercholesteruria was more 
fiequent in patients with cancer, these authors said it was not pronounced enough 
to be called a consistent finding m association with malignant tumor They explained 
the high values in some patients as possibly due to the inclusion of urine from 
patients with associated renal disease, who manifested hypercholesteruria because 
of the proteinuria ® 

From the Medical Research Laboratory, Department of Medicine, New York Post 
Graduate Medical School and Hospital, Columbia University 

1 Sobotka, H The Chemistry of the Stends, Baltimore, Williams & Wilkins Com- 
pan>, 1938, p 98 

2 Sobotka, H , and Bloch. E Urine Extractives m Cancer, Am J Cancer 35 SO, 1939 

3 Bloch, E, and Sobotka, H Urinary Cholesterol in Cancer, J Biol Chem 124 S67, 

1938 

4 Sobotka, H , Bloch, E , and Rosenbloom, A B Urinary Cholesterol in Cancer 11, Am 
J Cancer 38 253, 1940 

5 Bruger, M Cholesteroluria in Bright’s Disease, Am J dm Path 5 504, 1935 


108 



BRUGER— CHOLESTEROL CONTENT OF URINE 


109 


METHOD AND MATERIAL 

In the present investigation, twenty-foui houi specimens of mine from 26 noimal 
subjects, 28 patients with vaiious diseases othei than cancer and 32 patients with 
pioved cancer were analyzed foi cholesterol accoidmg to the piocedure developed 
lecently in this laboiatory® A poition of each specimen was subjected simul- 
taneously to a loutine analysis foi piotein, sugar, etc On the day the urine was 
collected, venous blood was obtained foi the detei mination of the plasma cholesterol 
content (modified Blooi pioceduie ’’) and of the sedimentation late (Westergien ®) 

Tvble 1 — The Cholesterol Content of the Urine tit 26 A^or trial Subjects (31 Determinations) 
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* The total output of cholesterol in twenty four hours was calculated by multiplying the actual volume 
of urine by the concentration of urinary cholesterol per hundred cubic centimeters to three places The volume 
of urine and the concentration of urinary cholesterol charted here and in tables 2 and 3 are given in round 
figures 


RESULTS 

Table 1 shows the results for 26 normal subjects (interns, nuises, technicians 
and other hospital personnel) ranging in age from 19 to 45 years The excietion 
of cholesterol in the urine varied from 0 27 to 3 88 mg in twenty-four hours with a 
mean of 1 69 ± 0 85 mg These values for normal subjects are appreciably highei 

6 Bruger, M , and Ehrlich, SB On the Determination of Urinary Cholesterol, T Lab 
& Chn Med 27 1093, 1942 

7 Sackett, G E Modification of Bloor’s Method for the Determination of Cholesterol 
-in Whole Blood or Blood Serum, J Biol Chem 64 203, 1925 

8 Westergren, A Die Senkungsreaktion , Allgemem-klmische Ergebnisse, Praktische 
Eedeutung bei Tuberkulose, Ergebn d inn Med u Kinderh 26 577, 1924 
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than those pieviously iC])oUecr' ljut the difleicncc may be ascribed to the more 
accuiate analytic pioceduie used m the piesent study 

Table 2 indicates the icsults obtained foi 28 patients with vaiiotis disoideis other 
than cancel It \\ ill be obsei ved that the mean exci ction of cholestei ol in this group 
was shghtly highei than that of normal subjects (2 01 mg pei twenty-fom hours) 
Foi the most pait howevei the individual variations fell w-ell wuthin the noimal 
lange A cholesterol excietion of 4 24 mg in tw^entj-four hours being considered 
the upper limit of noimal (mean jilus thiec times the standard deviation), only 
patient 4, with cirihosis of the liver, show'cd an abnoimally high excietion of this 

Table 2 — The Cbolatciol Confent of ihc Unne vi 2S Paiicuts xviih Faiious Chmeal 
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sterol His hypei cholesteruria could be asciibed in part to the loss of piotem in 
the urine It wall be obsei ved further that tliere w^as little or no con elation betw^een 
the sedimentation rate, the plasma cholesterol content and the degi ee of cholesterui la 
Table 3 details the clinical diagnosis, the diagnostic cnteiia, the results of loutine 
urinalyses, the sedimentation rate and the plasma cholesterol content foi 32 patients 
Avith proved cancer The time relationship of the studies on uiinaiy cholesterol 
to the duration of symptoms and to opeiation death, etc , is also noted 

The occurience of hjpercholesteiuiia in patients wnth some types of cancer is 
showm The excretion of cholesterol in the urine was abnormally high in 3 of 4 
patients with carcinoma of the breast (patients 1, 2 and 4), in 3 of 9 wnth adeno- 
carcinoma of the rectum (patients 8, 12 and 13) and in 2 of 5 wnth caicinoma of the 


9 Sobotka, Bloch and Rosenbloom * Bruger 
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stomach oi colon (patients 16 and 18) The excietion of excessive amounts of 
cholesteiol in the mine A\as independent of pioteinuiia, since the mine of many of 
these patients failed to leveal detectable quantities of piotem 

In each of 6 patients ^Mth squamous oi basal cell caicmoma of the skin, laiynx 
01 aheolai iidge, the excietion of cholesteiol m the mine was not abnoimal (patients 
19 to 24) Noimal ^ allies veie also obtained foi patients with caicmoma of the 
lung (patients 25 to 27), caicmoma ot the bone (patient 28). piimary caicmoma 
of the hvei (patient 29), adenocaicmoma of the ceivix (patient 30). papillaiy 
adenocaicmoma of the ovai}’- (patient 31) and melanosai coma (patient 32) 

It uas obseived that the highest uiinai}'^ values foi cholesterol weie obtained 
foi patients vith adenocaicmoma of the lectum (patients 8, 12 and 13) This may 
haie been a foituitous obseivation because of the fewness of the patients studied, 
but such \ allies as 27 9, 19 7 and 47 8 mg in tw^ent} -foiii horns aie unusual Of 
inteiest ivas the obseivation that in 2 of the patients foi wdiom seiial deteimmations 
w'eie earned out the uiinaiy cholesteiol deci eased as the disease piogiessed (patients 
12 and 13) No coiielation w^as obseived betw^een the sedimentation late, the plasma 
cholesteiol content and the degiee of cholesteimia m these patients 

COMMENT 

H} peicholestei uiia is fiequentU encounteied m patients with nephiitis, paiticu- 
larh in those exhibiting a nephiotic component because of the associated loss of 
piotcin m the uiine The inci eased excietion of uimai> cholesteiol in these patients 
ma} be explained b} the chemotactic lelationsJiip existing between piotem and 
cholesterol On the othei hand, since cholesteiol may exist in the blood as laige 
moleculai aggiegates appioxnnatmg the piotem molecule m size both cholesteiol 
and piotem may filtei thiough the pathologically peimeable glomeiulus Which- 
ever hypothesis is coriect. in patients wuth Blight’s disease the excretion of choles- 
teiol in the urine paiallels the loss of piotem ° 

In some patients wuth cancel, how^ever, laige amounts of cholesteiol may be 
excieted m the mine wuthout any evidence of inci eased glomeiulai peimeabihty 
(little or no pioteinuiia) It is lathei difficult to explain this phenomenon unless 
one assumes that the cholesterol released into the blood stieain by dismtegiating 
malignant tumors is physicochemically diffeient fiom the cholesteiol normally 
present m the plasma Thus, if the steiols leleased by cancer tissue exist as single 
molecules or as micellae, diftusion thiough a normal glomeiulai membrane may be 
possible It may be stated here, howevei, that many experiments cairied out m 
this laboratoiy have to date failed to reveal any abnoimal physicochemical status 
of the plasma cholesterol in patients with cancer This phase of the pioblem is 
still being investigated 

Though hypeicholesteiuiia is fiequently encounteied in patients with cancer. 
It is not an invariable finding This, too, is rather difficult to explain Obviousl} , 
much more investigation is required A piolonged study on a laige number of 
patients may prove fimtful if planned to include such observations as a coi relation 
of the cholesteruria to the type, grade and duration of the cancer, to the presence 
or absence of metastases, to the effect of roentgen lay and ladium therapy, to the 
results of surgical removal of the tumor and, finally, to the cholesteiol content of 
the malignant tissue 

10 Bruger, M The State of Cholesteiol and the Nature of the Cholesterol-Protein Com- 
plex in Pathological Body Fluids, J Biol Chem 108 463, 1935 
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SUMMARY AND CONCLUSIONS 

The excretion of cholestciol in the urine in 26 normal subjects langed from 
0 27 to 3 88 mg in t\vent\ -four houi s u ith a mean of 1 69 ± 0 85 mg In 28 patients 
with a variet} of clinical disoideis other than cancer the mean excretion of 
cholesteiol uas slightl} highei than in normal subjects (2 01 mg m tw ent} -four 
hours) but foi the most part the mdnidual Aaiiations fell well within the noimal 
lange In 8 of 32 patients with cancel, the excretion of cholesterol m the urine 
was sigmficanth elerated above noimal, the highest value noted w'as 478 mg in 
twent\-toui houis m a patient with adenocarcinoma ot the lectum The mean 
amount ot uiinai} cholesterol foi this group was 6 09 mg in twentj-four hours 
Xo coil elation was obsened between the sedimentation rate, the plasma cholesterol 
content and the degiee of cholesteruiia H} percholesteruna occurs independently 
of loss of piotem m the urine, some theoietic considerations are oftered to account 
for this phenomenon 
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A REVIEW or THE RECENT LITERATURE 

FRANK H BETHELL, MD 
CYRUS C STURGIS, MD 
ROBERT A HETTIG, M D 

AND 

OTTO TOD MALLERY Jr , AI D 

ANN ARBOR, MICH 

{Continued Jiont Paqc 903) 

APLASTIC ANEMIA AND REFRACTORY ANEMIAS 

No new and iinpoitant infoiination concerning aplastic anemia w'as lepoited 
in 1942, with the possible exception that the condition may follow^ the use of 
sidfathiazole A papei by Vaughan’®” deals wnth 34 cases of aplastic anemia, 
both of the primaiy and of the secondaiy t}pe He quotes Rosenthal as stating 
that the disease ma} be defined as a piogiessne condition of unknowMi cause chai- 
acteiized by seveie anemia leukopenia thiombopema and marrow acellulaiity 
V'hen It does not confoim to this desciiption it is legaided as atjpical The 
cases in which a cause for the disease can be ascei tamed aie segiegated as cases 
of the secondary type Vaughan considers aplastic anemia m the bioadei sense, 
which includes the tw'o subgroups indicated Ten of the cases were of the sec- 
ondaiy type, m 6 of these the anemia w'as due to aisphenamme and m 4 to 
benzene The remaining cases w^eie regaided as instances of the ciyptogemc 
^arlety of aplastic anemia, although in 2 theie w’^as toxemia of piegnanc}'^ and 
m 1 miliary tuberculosis The author emphasizes that accuiate classification is 
highly desirable but by no means simple, as adequate means foi making a diffei- 
entiation are not ahvays available Moieovei, the histoiy of exposuie is not 
ahvays easy to mteipret The symptoms and signs in this gioup weie those 
usually obseived, with the following exceptions In 34 pei cent of the patients 
there w^as some degi ee of enlargement of the lymph nodes clinically , 1 5 pei cent 
had enlaigement of both the lymph nodes and the spleen, and 12 pei cent had 
enlargement of the lymph nodes, the spleen and the hvei These clinical observa- 
tions were substantiated by neciopsies In a great majoiity of the cases the 
classic findings of severe anemia, leukopenia and thrombopenia w^ere present In 
27 per cent the anemia w^as maciocytic, m 54 pei cent normocytic and m 19 pei 
cent miciocytic In only a single instance was achlorhydiia piesent, and that 
w^as a case of maciocytic anemia Usually there was a i eduction m the numbei 
of mature polymoiphonuclear cells, wuth lelative lymphocytosis Bone maiiow 
w'as obtained m 26 of the 34 cases — eithei dining life, by sternal puncture oi by 
trephination, or at necropsy, by the usual technic In some instances both ante- 
moitem and postmortem obseivations w^eie made In 12 of the cases the maiiow 
show^ed a lemaikable reduction of cellulaiity, m 8 there was much greatei cellu- 

180 Vaughan, S L Aplastic Anemia, New York State J Med 42 978, 1942 
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lanty, with variation in appearance in the sections obtained from difteient areas, 
in 2 there seemed to be distinct hypeiplasia, and in 1 hypoplasia, which did not 
reach the degiee of acellularity pieviously desciibed 

The geneial findings in the 14 cases which came to necropsy were as follows 
in 5 cases, splenomegal} , which was an outstanding feature in 2 cases, in 4, 
hepatomegaly, in 7, bionchopneumonia, and in 2, pleuritis In 10 cases diftuse 
hemoiihagic phenomena weie present, and in 3 these phenomena seemed to be 
the most pronounced of the teiminal features In 3 cases ulcerative lesions with 
or without sepsis w'ere piesent, and m 1 case this was the most conspicuous feature 

The outcome of the disease in the 34 cases was as follows complete lecovery 
in 15 per cent, death m 73 per cent, lesult pending m 12 per cent The lesults 
indicate the extremely high moi tahty of the series as a w'hole, and a somew'hat better 
outlook 111 cases of the secondary as opposed to cases of the cryptogenic type 

The follownng eleven agents w'ere employed in treatment blood by transfusion 
and by intramuscular injection, iron, Iner products, vitamins, yellow bone marrows 
pentnucleotide (the sodium salts of pentose nucleotides from the ribonucleic acid 
of yeast), roentgen rays, ultiaviolet rays, endoglobulin, sulfonamide compounds, 
and marrow by transfusion, in addition, splenectomy and uterine curettement 
w^eie perfoimed Of the measuies mentioned, only blood transfusions w^ere used 
in all the cases The author concludes that in some cases they have been instru- 
mental m prolonging life until a remission could occur The study led the author 
to conclude that aplastic anemia should be legarded as a disorder of varied mani- 
festations in wdiich the fundamental defect is one of general hemopoietic insuf- 
ficiency varying from inhibition of normal maturation and distribution of cells 
to actual hyperplastic changes 

Meyei and Perlmutter emphasize that the untow'ard hematologic changes 
following the use of the sulfonamide compounds fall into tw'o mam groups, namely, 
agranulocytosis and hemolytic anemia, but that leukemoid reactions and thrombo- 
penic puipura have also been observed According to the authors, their case is the 
first one of aplastic anemia due to the use of such diugs to be reported The 
patient w'^as a 55 year old Assyrian w'onian in w'hom bronchopneumonia developed 
and who was given 12 Gm of sulfathiazole over a period of twm days At the 
end of that time, on admission to the hospital the blood findings w'ere as follow^s 
hemoglobin, 5 Gm , led blood cell count, 1,710,000 per cubic millimeter, w^hite 
blood count 1,000, with polymorphonuclears 8 per cent, lymphocytes 88 per cent, 
monocytes 4 per cent and platelets none Sternal marrow obtained by aspiration 
showed hypoplasia wnth suppression of the cellular components With cessation 
of the administration of sulfathiazole and wnth blood transfusions and injections 
of liver extract and pentnucleotide theie was a rapid rise in the blood platekt 
count, the hemoglobin level and the number of red and white blood cells At 
the time of death, twenty-two days after admission, the hemoglobin value was 
7 0 Gm , the red blood cell count 1,600,000 and the wdute blood cell count 20,500, 
with 38 per cent polymorphonuclear cells, only rare platelets w^eie present A 
second sternal puncture, made six days after the initial one, is stated to 
yielded an “essentially normal diffeiential smear ” Postmortem sections of e 
marrow showed moderate hyperplasia, with all of the usual cellular elements 
present The authors emphasize that the aplastic picture was evident after tie 
admimstiation of only 12 Gm of the sulfonamide compound over a period of twm 

181 Meyer, L M , and Perlmutter, M Aplastic Anemia Due to Sulfathiazole, JAMA 
119 5S8 (June 13) 1942 
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days and that the case shows that the marrow may leturn to normal with dis- 
continuance of the admmistiation of the drug No mention is made of previous 
medication with sulfonamide compounds which might have sensitized the patient 
to subsequent doses In the absence of sensitization it is remaikable that such 
a serious dyscrasia of the blood should develop following such a small total dose 
Furthermore, it is not established with ceitamty that the aplastic anemia in this 
patient was actually a result of the medication, as such a condition due to an 
unlcnown cause may have been present independently and concuiiently 

An unusual case of aplastic anemia, in which the oigans at necropsy showed 
the changes of hemochromatosis, is presented by Mackey The patient, a laborei 
aged 46 years, had the disease foi three and one-half years, duiing which time 
he received thiity-nine blood tiansfusions At one time, for a shoit inteiwal, 
he felt so well that he presented himself to the hospital as a donor At this time 
the led blood cell count and the hemoglobin content were within normal limits 
The period of remission, however, was brief, as a blood transfusion was required 
a short time later It was suggested that the changes chaiactenstic of hemo- 
chromatosis may have been due to storage of non m the various tissues, as the 
hod)’’ vas unable to utilize it m the formation of hemoglobin 

Hurwitt and Field observed the case of a 27 yeai old woman who died in 
the fourteenth week of pregnancy of seveie anemia which had all the character- 
istics of the so-called idiopathic aplastic type In a group of 14 cases of aplastic 
anemia occuriing during pregnancy, which were collected from the liteiatuie, 
there were only 5 m which the patient survived In all of these, the uterus had 
been emptied, by noimal delivery m 2 and by interruption dm mg the third 
trimester in 2 In 1 case the disease developed post partum They believe that 
the association of this variety of anemia with pregnancy is moie than coincidental, 
in other words, that the gi avidity may play an etiplogic or a conditioning role 
They advise that in the presence of this variety of anemia interruption of the 
pregnancy be strongly considered 

Sterne^®® reports the case of a 39 year old white man who had a led blood 
•cell count of 1,500,000 per cubic millimetei, a hemoglobin value of 5 3 Gm , a 
white blood cell count of 1,350, with 30 per cent neutrophils, and a platelet count 
of 12,200 The differential diagnosis rested between subleukemic leulreniia and 
panhypoplasia of the marrow due to treatment with neoarsphenamine The 
absence of pathologic leukocytes in the circulating blood luled out the former, 
and aspirated marrow showed the characteristic picture of the latter Of the 
four methods of therapy, transfusion of blood, injection of pentnucleotide, adminis- 
tration of yellow bone marrow and intrasternal infusion of the marrow, the fiist 
mentioned is regarded as the most satisfactory by the author 

The case of an Italian aged 50 years m whom severe aplastic ■ anemia devel- 
oped during the course of six injections of neoarsphenamine is reported by Sayei 
Examination of his blood showed the hemoglobin content 35 per cent of normal 
and the red blood cells 1,500,000, the white blood cells 2,200 and the platelets 
40,000 per cubic millimeter Recovery followed injections of pentnucleotide and 
repeated blood transfusions 

182 Mackey, R An Unusual Case of Aplastic Anemia with Organ Changes Resembling 
Haemochromatosis, M J Australia 1 172, 1942 

183 Sterne, E H , Jr Leukopenia and Anemia After Therapy Differential Diaenosn; 
Cincinnati J Med 23 173, 1942 

184 Sayer, A Aplastic Anemia Due to Arsphenaniine , Stomatitis of Unknown Onmn 

Arch Dermat & Syph 46 453 (Sept ) 1942 ’ 
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A case of aplastic anemia is reported b}' Meyer and Ginslierg^*® in which theie 
wa*; a peiiod of ten yeais between the exposuie to lienzene and the development 
of s}mptoms The histoiy and physical findings were typical of this type of 
anemia and the case terminated fatally fourteen days aftei the patient’s admission 
to the hospital The diagnosis was verified by necropsy There does not seem 
to be any doubt that the patient w'as extensively exposed to benzene ten years before 
the development of symptoms, and it is likewise clear that he succumbed to the 
condition which w'e call aplastic anemia But there is no evidence to indicate 
that the benzene played a lole in the causation of the disease inasmuch as the 
same condition may de\elop without a recogni/ablc cause 

Benei and Watkins report their findings from examination of sternal mai- 
row obtained by aspiiation in 12 cases of refractory anemia in which the clinical 
picture was that of aplastic anemia Cases in which theie was e\idence of depres- 
sion of the actnit} of the marrow and of relative lymphoc} tosis followed the 
usual clinical couise with death occuiring m a relatnely shoit tune On the 
othei hand cases with e\idence of hypeiplasia of the mairow^ hut with no obsen- 
ahle 1} mphoc) tosis did not terminate fatalh 


(.RAXLnOC\TOPnMA \XD ACRA XL LOC\ TOSIS 

The literature in 1942 includes reports of cases of agranulocytosis following 
the administration of sulfanilamide sulfap\ ridine and sultadiazine (2-[paiaainino- 
henzenesulfonamidoj -pyrimidine) When the widespread use of these drugs is 
considered the incidence of this gia\e complication does not seem great It is now 
thought that the peisons in w’hom agianuloc\ tosis de\elops are sensitized to the 
drugs or become sensitized to them duimg the couise of therap} Control ersy 
continues conceining the tieatment of this disorder It is of interest to note that 
opinion seems to favor the employment of sulfonamide drugs as therapeutic agents 
if the syndrome of agranulocytosis has not been induced by them 

Metzgei^^' in a memoiial to Philip King Biown recoids the little known fact 
that the latter was the fiist to describe the svndrome of agranulocytosis m an 
article published m 1902 in Aincucan Medicine, volume 3 page 649 entitled “A 
Fatal Case of Acute Pi unary Infectious Pharyngitis with Extreme Leukopenia 
Thus twenty^ y^ears befoie AVerner Schultz published his classic papei dealing with 
the disease Blown had desciibed this condition accurateh and completely, as any 
one can determine by consulting Ins original paper 

Henry' Jackson Jr m a reiiew of the curient hteiature dealing with 
agranulocy'tosis, expi esses himself lather positively on several control ei sial points 
He agiees that m the great majority' of cases this disease is secondaiy to the action 
of some drug but is inclined to believe that there aie a few instances in which it 
IS tiuly idiopathic Such cases in the opinion of the authoi. are exceedingly' lare 
and are becoming more so as knowledge of the malady' inci eases He also believes 
that severe neutiopenia indistinguishable from classic agianulocy'tosis may' be 
secondary' to overwhelming sepsis According to him, it is difficult, if not impossi- 
ble, to distinguish between idiopathic agianulocy'tosis and the leukopenia that is 

185 Meyer, L M, and Ginsberg, V Aplastic Anemia, J Indust Hvg S. Toxicol 24 
37, 1942 

186 Beizer, L H, and Watkins, C H Sternal Marrow in Aplastic Anemia, J Oim 

Investigation 21 636, 1942 . 

187 Metzger, J Philip King Brown, M D , Tr Am Clin &, Climatol A (1941) 57 xlv, 
1942 

188 Jackson, H, Jr kledical Progress Leukopenia, Agranulocytosis, New England J 
Aled 225 978, 1941 
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due to the action of ceitain diugs, ovei whelming sepsis or mdustiial poisoning 
(In oui opinion, tiiie agi anulocytic angina may sometimes be differentiated from 
the nentiopema of sepsis, because the lattei rarely is associated with complete 
absence of neutrophils fiom the blood stieam, which laiely make up less than 
10 pel cent of the leukocytes Complete absence of neutrophils commonly occuis 
in tine agianulocytosis ) It is emphasized that at present ammopyime is less 
commonly pi o^ ocative of the malady, because its dangers are now widely recog- 
nized and in some countiies its sale is limited by law Gold preparations may 
occasionally cause the condition, and there is an evei increasing number of cases 
of giave granulocytopenia due to the sulfonamide compounds In the author’s 
opinion it IS piobable that any of these preparations may be responsible foi the 
disease In a senes of 109 collected cases he found the causative agents to be as 
foUow’s sulfanilamide in 34, sulfap) ridine in 8, ammopyime alone in 39, allonal 
(all}hsopropylbarbituiic acid with aminopyiine [befoie' 1939] or acetophenetidin 
[since 1939] ) m 7 and causahn (aminodimethylpyrazolon quinoline sulfonate) 
in 4 In deci easing frequency, the follownng dings w'ere considered to be causative 
cibalgine (aminopyrme and a barbital deiivative [dial]), acetanihd, amidophen 
(aminop} rme, acetophenetidin, caffeine and extract of hyoscyamus), cinchophen 
amytal compound (amytal and ammopyime), bismarsen and neocmchophen 
Jackson acknowledges that the tieatment of the disorder still remains a mattei of 
debate He makes a number of excellent points, how’^evei, with which we aie m 
entire agieement concerning the administration oi the continuation of the use 
of sulfonamide compounds m the presence of extreme leukopenia, thus, if the 
lattei condition is obviously due to the drug, it should be stopped immediately, 
but if it IS secondaiy to an infection wdiich oidinarily is amenable to tieatment 
with the sulfonamide compounds, these therapeutic agents should at once be given 
along with pentnucleotide, m an attempt to lestore the leukocyte count to normal 
Jackson contends rathei strongly that the mere wnthdraw^al of the offending duig 
does not ahiays suffice to restore the wdiite blood cell pictuie to normal, and 
hence othei measuies, such as the admimstiation of pentnucleotide, should be 
employed In support of this view Jackson cites his observations on 72 personally 
collected cases of agranulocytosis due to sulfonamide compounds oi other drugs, 
111 30 pel cent of ivhich recovery follow^ed the wnthdraw^al of the drug without 
other specific medication Of 26 similai cases m which the drug was withdiawm 
and aaequate amounts of pentnucleotide were given (40 cc daily), recovery 
occurrea m 66 per cent Jackson gives a timely warning that all patients who 
are under treatment wuth drugs known to cause the condition should have fie- 
quent leukocyte and differential counts If the total granulocyte count is found 
to be low. administration of the drug should be stopped and intensive treatment 
instituted at once, wbetber one chooses to treat by injections of pentnucleotide, fie- 
quent blood transfusions, administration of yellow bone mai row or a combination of 
these measuies He states as previously, that if pentnucleotide is given, not less 
than 40 cc should be administered daily, and its use should be continued until a 
favorable i espouse has occurred or until it is apparent that no benefit will occur 

With a sweeping and to us unjustified statement, Dameshek and Wolfson^®'’ 
cast aside as worthless practically all foims of theiapy which have been intioduced 
in connection with agranulocytosis Included in this lelegation are the pentose 
nucleotides, adenine sulfate, livei extract, transfused blood and yellow bone marrow^ 
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extract In our opinion their statement is unsupported, to say the least, and is 
not in accoid with the expenence of a majoiity of those who have had to deal 
witli this disease On the othei hand, the authors make a point well worth while 
when they emphasize that death probably results from overwhelming sepsis in a 
body stripped of its defensive granulocytes They treated 2 patients for severe 
agianulocytosis with blood transfusion and administration of pentose nucleotides, 
liver extract and sulfathiazole m large doses The recovery m each case is 
atlriliuted in part at least to the effect of the sulfonamide compound on the sepsis 
Physicians aie leluctant to give these drugs in the presence of leukopenia because 
occasionally agianulocytosis may develop m association with such therapy Long 
and Bliss reported m 1939 that uhen leukopenia is due to an infectious process 
no harm will result from the use of a sulfonamide compound and that with this 
therapy the infection may be overcome, with subsequent increase m the leukocyte 
count and recoveiy of the patient After careful consideration of the problem 
we concur in this opinion, for it does not follow that when leukopenia results 
from one cause, such as the effects of a drug, a patient will be sensitive in the 
same manner to another substance with which that drug has not even a remote 
chemical relationship Furtheimorc, as the autliors have emphasized, sepsis associ- 
ated with agranulocytosis is one of the major problems and is the condition which 
oidmarily leads to the fatal issue As the sulfonamide compounds are now the 
agents most effective against infection, particulaily of the sort observed in associa- 
tion with agranulocytosis, their possible beneficial effect should not be denied 
to the patient 

Baisby and Close state that Beck in 1933 classified agranulocytosis as of five 
types fulminating, subacute, subchronic, lecurrent and cyclic They state, how- 
ever, that the classification is unsatisfactory because some patients show the 
characteristic symptoms of more than one t}’pe They report the case of a woman 
of 41 years who had pj'rexial attacks with sore throat, ulcers of the mouth, a 
pink rash, pains in the joints, cough, abdominal pain and vomiting These epi- 
sodes had occurred three to se^en days after her menstrual periods over an 
intenml of four years For the last seven months at least of the patient’s illness 
these attacks were associated wuth neutiophil agranulocytosis Only twice dur- 
ing the period of obseivation was the number of polymorphonuclear cells greater 
than 3,000 per cubic millimeter, on five occasions they disappeared entirely for 
lour or five days Necropsy disclosed pericecal inflammation and pulmonary 
abscess , no cause for the blood changes could be found The fact that the condi- 
tion w’^as recurrent and seemed related to the menstrual periods would lead us to 
suspect strongly that the patient had been taking some drug, such as ammo- 
pynne In fact, after the patient’s death it was discovered that she had been 
taking “Yeast-Vite,” but this was considered as not a likely cause of the condition 
because the attacks were mtei mittent and because, according to the authors, this 
preparation has not contained aminopynne since 1935 Neither objection, how- 
ever, includes with certainty aminopynne or a related compound as the significant 
etiologic factor 

Schackle refers to the case described by Barsby and Close and records 
from memory a similar illness in a child aged 5 whom he observed sixteen years 
ago This child experienced attacks of pyrexia at monthly intervals, each accom- 
panied by more or less complete absence of polymorphonuclear cells from the 
circulation It was possible to predict the acute febrile rise by the preceding 
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1 eduction of these cells in the blood Blood transfusions seemed to be of benefit, 
but the condition finally teiinmated fatally Permission for necropsy was not 
obtained 

Waugh gives a review of the changes wdiich may occur in the blood follow^- 
ing the introduction into the body of certain chemicals and drugs He states 
that various substances may affect all of the hemopoietic activities of the marrow, 
producing a disorder wdiich he calls “panmyelotoxicosis ” Among these are 
aisenic, ai sphenamine, bismuth, aminopynne and other benzene ring derivatives 
Moieover, similai paralytic effects may be produced by various foims of radia- 
tion, such as the loentgen ray, ladium and thorium, eithei after therapy oi wdien 
poisoning has occuried He emphasizes that sulfanilamide may produce granulo- 
cytopenia, and that this may result from a small amount of the drug, as indicated 
in 1 case in wdiich death occuired followung the administration of only 8 Gm In 
general, how^ever, it is his belief that although the quantity given seems to make 
a diffeience, individual susceptibility is probably even more important Tw'o 
deaths followung the use of sulfonamide compounds w^eie noted m the depaitment 
of pathology of McGill University He reports that the mariow almost always 
reveals a characteristic deficiency in maturing myelocytes and that the immature 
root cells and syncytial reticuloendothelial elements aie unusually conspicuous 
He expresses the view that futuie investigations may disclose that the action of 
these drugs is not toxic paialysis but deficiency paraljsis due to removal of some 
important substance necessary for the maturation of the proliferating elements of 
the marrow In the tieatment of agranulocytosis he recommends ti ansfusions 
of blood, administration of pentose nucleotides and recognition and withdiaw^al 
of the causative agent 

Three cases of gianulocytopenia, 1 m wdiich it w^as due to sulfanilamide and 
2 in which it W'as due to sulfathiazole, are repoi ted by Carley and Reid One 
of the patients wdio leceived sulfathiazole succumbed 

Fatal agranulocytosis followung the use of sulfathiazole m a man aged 58 years 
is reported by Thompson The patient had been ill at home for twm wrecks wuth 
an infection of the respiratory tract and was treated for this with an unknown 
amount of the drug After his admission to the hospital, the administration of the 
drug was resumed at the rate of 45 grams (2 91 Gm ) daily until he had received 
a total dose of 235 grains (15 23 Gm ) In addition, over this same period approxi- 
mately 160 grams (10 36 Gm ) of acetylsahcylic acid was given The minimum 
white blood cell count was 100 per cubic millimeter, all of which were lymphocytes 
The steinal marrow was interpreted as typical of aplastic anemia Data regaiding 
the hemoglobin content of the circulating blood and the red blood cell count are 
not given The author expresses the opinion that the incidence of agranulocytosis 
IS very low^ m proportion to the number of patients receiving sulfathiazole but 
that it IS a complication which should be kept in mind nevertheless and one which 
should be guarded against by lepeated blood counts 

Cross presents the case of a man aged 20 in whom agranulocytosis developed, 
with a minimum leukocyte count of 1,000 per cubic millimeter and no polymorpho- 
nuclear leukocytes, following the administration of 42 Gm of sulfapyridme over a 
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pciKHl of ten da\s iicatinent u.is by injcttions of pentinideotide and repeated 
1)lf)od tiaii'-hision*' Dunii/^ tlic totn‘'C of tlie last tiansfusjon the patient, for no 
known leason c\])ejienccd a sc\erc rigor lasting foi al)oiit fifteen minutes Blood 
films taken nnniecliateh thcieafter sfiuwcd a slight increase in the total number 
of Icukotjtes anti m the peicentagc of neutrophils Four hours later, howeier, 
thcie was an increase to dO.OOO pei cubic millimeter, 85 pei cent of which were 
neutK'phils most of them immatine 'J he patient’s temperature lose to 105 6 F 
'ihoith after the (hill hut the ne\t moining it became and remained normal Com- 
jilote rcto\et\ followed The suggestion is made that as' the rigor and fe\er 
seemed to tcimm.ite the com sc of the agranulocytosis abiupth, induced and con- 
ti oiled Inpeip\ie\ia. such as that cau'^cd In protein shock, knight he useful m 
ahoiling attacks of this disease 

A fatal case of agianuloc} tosis following the admmistiation of sulfap}ndme 
foi noincneical urethntis is rcpoited by Conti The author warns that although 
tilt majorit} of reactions following the use of the sulfonamide compounds are 
nonfat.il and tiansient, each patient leccning such tlicrajjy should be under close 
supenision, as severe reactions sudi as agranulocytosis and hemoljtic anemia, 
do occui 'I'he patient whose case was the subject of report received a total 
of 405 grains (26 24 Gm ) of sulfap\ ndine o\er a period of six dajs After a 
latent iiciiotl of two weeks, fever and chills appeared, and the red blood cell count 
w'as found to be 3,280 000 ]iei cubic nulhinetei , the wdiite blood cell count was 
1,900 pci cubic millimeter, wuth 98 per cent lymphocjtes 2 pei cent monocjtes 
and no neutiophils Ihe patient died on the fourth day of observation at which 
time the white blood cell count was 11,600, with 25 per cent blast cells 5 per cent 
prenijelocytes and 20 per cent myelocttes No necropsy was performed, noi was 
a sternal puncture done The unusual blood pictuie just before deatli. as well 
as the unexplained latent jienocl of two wrecks, raises in our opinion the possi- 
bility that the patient may have succumbed to an acute form of leukemia lather 
than to agianulocytosis 

Jobm presents the case of a man aged 23 who had severe agranuloc} tosis 
following two courses of sulfapyndine therapy foi an abscess of the lung Some 
confusion aiises, however, concerning the cause m this case, foi wnth each course 
of sulfapyntlme theiapy the patient was also given allonal No statement is made 
whethei the lattei piepaiation was the older type wdnch contained ammopynne 
(before 1939) oi the moie lecent combination m which this drug has been replaced 
by acetophenetidin (since 1939) 

Levin and Bethell leport the first case m the literature of agianulocytosis 
that was undoubtedly due to sulfathazme Leukopenia follownng the use of this 
chug had been pieviously noted The authors emphasize that other sulfonamide 
compounds aie known to he lesponsible foi agianulocytosis that although granulo- 
cytopenia usually develops aftei prolonged use of the drug, it may occui after 
administration of a small close, and that the concentration of the sulfanilamide 
deiivative m the blood gives no indication of the likelihood of ensuing granulo- 
cytopenia It IS their opinion that patients m wdiom this condition develops must 
be assumed to have had a pieexistiiig idiosyncrasy foi the drug or to have acquired 
such an icliosjnciasy during the course of its administration The case reported 
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by the authors was that of a man of 70 years who had undeigone resection of a 
gangrenous ileum m a strangulated right inguinal hernia twenty-seven days prior 
to his death He received a total of 76 Gm of sulfadiazine during a peiiod of 
nineteen days On the eighteenth day, the led blood cell count was 4,400,000 per 
cubic millimeter, the hemoglobin content was 11 5 Gm per bundled cubic centi- 
meters, the blood platelet count was 140,800 per cubic millimeter and the white 
blood cell count was 850 per cubic millimeter, with 2 per cent polymoiphonuclears 
The sternal mairow showed myeloblasts and early myelocytes, with little evidence 
of maturation beyond the myelocyte stage 

Curry repoits the case of a 41 year old woman in whom acute agranulocytosis 
developed, with a minimum white blood cell count of 650 pei cubic millimeter and 
complete absence of polymorphonuclear leukocytes, following the administration 
of sulfadiazine The patient had a diagnosis of portal cirrhosis with acute hepatitis 
and was given the drug on the ninth day m the hospital because of fever and 
roentgen evidence of bronchopneumonia In all, the patient leceived 140 Gm 
over a period of twenty-three da)^s at the approximate rate of 6 Gm a day At 
the time of the development of the agranulocytosis the concentration of sulfadiazine 
m the blood had reached 28 3 mg per hundred cubic centimeters Recovery 
followed discontinuance of the drug, administration of pentnucleotide and trans- 
fusions of blood 

In a discussion before the Section of Laryngology of the Royal Society 
of Medicine on involvements of the throat and nose m diseases of the blood, 
agranulocytosis is mentioned along with hemophilia, Osier’s disease (hemorrhagic 
telangiectasia), leukemia, achlorhydric anemia, avitaminosis and glandular fever 

Spicer and his associates have made the important observation that when 
rats are given sulfaguanidme (sulfanilylguanidine) or sulfasuxidme (succmyl- 
sulfathiazole) in purified diets they show granulocytopenia or agranulocytosis and 
hypocellularity of the bone marrow This condition can be largely prevented or 
treated successfully with dried whole liver or with certain liver extracts In 
addition, the rate of growth of young rats is diminished, and occasionally anemia 
develops The usual change in the blood, however, is a reduction in the total 
numbei of leukocytes with a decrease in the granulocytes, commonly to below 
10 per cent It has been suggested that these drugs produce the aforementioned 
effects by lowering the intestinal synthesis of certain factors essential to growth, 
or by direct toxic action or possibly by interference with the functioning of one 
or more enzyme systems in the animal body The investigators conclude that it 
IS possible that the direct toxicity, the indirect toxicity and the lowering of intes- 
tinal synthesis may all be involved Bedmg"®^ gives a critical review of present 
knowledge bearing on the problem of agranulocytosis 

INFECTIOUS MONONUCLEOSIS 

Several important articles dealing with infectious mononucleosis have recently 
appeared, in which previous reports suggesting a virus as the etiologic agent are 
confirmed In other publications it is urged that as the condition has many diverse 
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manifestations the diagnosis must be based on the appearance of the characteristic 
lymphocytes in the blood and a positive antibody reaction against sheep cells, that 
jaundice, conjunctivitis and sometimes abdominal pain simulating acute appendicitis 
may appear as complications and that sulfathiazole and convalescent serum may be 
helpful therapeutic agents 

Nettleship has dealt with the puzzling question of the cause of infectious 
mononucleosis According to him, there have been reports of unsuccessful attempts 
to prove the relation of various bacteria to the condition, but only one previous 
report has been made of the possible relation of a bacteria-free filtrate to the disease 
According to van den Berghe and Liessens,-®^ van den Berghe, Liessens and 
Kovacs and van den Berghe and Liessens,"”® the agent is a virus, and this 
virus has been shown to produce the disease in monkeys Furthermore, they 
state that freezing the virus appeared to increase its mfectivity The studies 
made by Nettleship may be summarized as follows Sterile Berkefeld filtrates from 
nasal washings, as well as whole blood, from patients with the disease were inocu- 
lated into the chorioallantoic membranes of chick embryos, m a total of eight 
attempts to transmit the agent, positive results were obtained in 4, a continuation 
of the reaction through four to fourteen passages was obtained in about 50 per cent 
of the membranes, but the agent finally died out , unsuccessful attempts were made 
to transmit the virus to 25 mice by intraperitonea! inoculation, mononucleosis 
(prolymphocyte) could be produced in rabbits by the injection of a suspension of 
ground chick membranes, but it was not possible to obtain a positive heterophile 
reaction against sheep cells with the rabbit serum 

The clinical features of infectious mononucleosis are reviewed by McFarland,"”^ 
who reiterates that the disorder is so common as to be almost endemic, yet one 
which IS “seldom diagnosed” by many physicians and one associated with aston- 
ishing errors m diagnosis The author has had to differentiate it from the 
following diseases German measles, catarrhal jaundice, lymphatic leukemia, 
strangulated hernia and appendicitis His chief reason for reviewing the char- 
acteristics of the disease is to emphasize the necessity of differentiating it from 
acute appendicitis He raised the plausible possibility that the condition described 
as mesenteric lymphadenitis may not infrequently, or even always, be infectious 
mononucleosis We must differ sharply with the author on one point, namely, his 
statement that “an occasional case runs a malignant and even fatal course ’ 
Patients with the disease may become seveiely ill, but m the event of a fatal 
termination considerable doubt is raised concerning the coriectness of the diag- 
nosis In such cases the disease is usually some variety of leukemia, rather than 
infectious mononucleosis 

P5'^an stresses the fact that the protean nature of the clinical manifestations 
of infectious mononucleosis make the diagnosis uncertain unless a careful study 
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IS made ot the blood and the atypical lymphocytes lecogmzed, or unless the reac- 
tion against sheep cells is employed A case is reported in which the disease 
constituted a diagnostic problem for the first two ^^eeks of illness During this 
time endocarditis, t}phoid fevei, undulant fevei, acute cholecystitis and infectious 
mononucleosis ^\ere suspected The cells characteristic of the disease did not 
appear until the eighth day of the illness, and the positive agglutination reaction 
\\as dela}ed until the twelfth day The authoi wains that a negative leaction 
does not eliminate the diagnosis eaily in the couise of the disease, and that one 
should keep m mind the fact that jaundice ma}^ be piesent 

Ash and Aibogast'°” leport a series of 21 cases of infectious mononucleosis 
and reMew the literature in legard to this disoider Theie w^as nothing unusual 
about their cases except that in 10 conjunctivitis was present, wdnch caused them 
to stress the impoitance of this condition as a symptom They emphasize that 
the appeal ance of a positive heteiophile antibody reaction may be delayed In 
1 patient the reaction remained positive for a peiiod of at least three months 

Some unusual manifestations of infectious mononucleosis are reported by Leavell 
and IvIcNeel m a series of 57 cases wdiich they obseived They emphasize 
that commonly the clinical picture is so characteristic that the diagnosis is at once 
obMOus but that aUpical findings fiequently occur and should be kept in mind 
when the observer is consideiing the diagnosis of this disease Each of the 8 cases 
reported in detail had some unusual instructive feature, as follow^s absence of all 
of the tjqDical clinical features w'hen the patient w'as first seen , a septic reaction 
w’lth chills, fever and leukopenia localized inguinal adenitis a history of a tick 
bite, unexplained fe\ er, a palpable spleen and agglutination of both sheep cells and 
Proteus X19 which suggested the diagnosis of Roclc}' Mountain spotted fever, 
S 3 mptoms which led to the removal of a normal appendix, fever, drowsiness, 
headiche and changes in the spinal fluid wdnch led to an erroneous diagnosis of 
encephalitis, jaundice 

Straus emphasizes an important aspect of infectious mononucleosis which 
has not received the notice that it desen^es, especially from surgeons He reports 
the case of a patient who presented the signs and symptoms of acute appendicitis, 
for wdnch she underwent appendectomy The lesion m the lymphoid tissue of the 
appendix w as found to be identical wnth the specific changes in the lymph glands in 
cases of infectious mononucleosis These alterations, however, are not necessarily 
a constant finding, for m another case of infectious mononucleosis with the same 
complaints the appendix, by contrast, failed to reveal a similar lesion In the case 
in wdnch the appendix show^ed the characteristic lymphoid changes, the abdominal 
symptoms were considered to be greatly out of proportion to the degree of 
appendical involvement The author concludes that no explanation is available 
foi abdominal symptoms occurring in the course of infectious mononucleosis 

Sears reports the inteiesting case of a 21 year old nurse who suffered from 
an attack of infectious mononucleosis of moderate severity The only unusual 
aspect was a white blood cell count of 8,500 pei cubic millimeter with 3 per cent 
polymorphonuclear neutrophils, 95 per cent lymphocytes and 1 per cent mono- 
cytes This was noted on about the fifth day of the illness There was also 
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mild anemia with the color index somewhat below 1 0, as well as slight anisocytosis, 
poikilocytosis and polychromasia of the erythrocytes, which gradually improved 
By about the twenty-fifth day of the illness the leukocyte count was 5,300 per 
cubic millimeter with 40 per cent neutrophils This increase followed injection 
of pentnucleotide but, in our opinion, was not necessarily due to it It is well 
known that commonly theie is leukopenia with a decrease in the leukocytes and 
an increase in the lymphocytes m the first week of this disease Rarely, however, 
does it reach the extent observed in this patient 

Garble and Blackford report an interesting case which was regarded as one 
of infectious mononucleosis but in which there was the most unusual complication 
of severe anemia They recognize that anemia in this condition usually casts a 
serious doubt on the diagnosis and suggests the possibility that the patient may 
be suffering from a more serious condition, such as leukemia Nevertheless, 
the diagnosis in this case was indicated by the high titer of the agglutination of 
sheep cells, namely, 1 2,048 At the time the test was positive, the blood findings 
were as follows hemoglobin content, 59 per cent (7 8 Gm ) , red blood cell count, 
2,310,000 per cubic millimeter, leukocyte count, 7,800 per cubic millimeter, 
diflPerential count, neutrophils 43 per cent, lymphocytes 56 per cent, eosinophils 
1 per cent The lymphocytes were reported to be of a type characteristic of 
infectious mononucleosis Almost two years later the patient was reported as 
being 111 perfect health, although the blood was not examined at the time It may 
he correct to state that this patient had infectious mononucleosis with the exceed- 
ingly rare complication of pronounced anemia, but it seems more probable that 
he had infectious mononucleosis with some other unrecognized cause for the 
anemia There is a possibility the patient had acute lymphatic leukemia which 
went into remission and will eventually manifest itself again In any event it is 
desirable that the authors record a complete follow-up note at some future date 
m order that the outcome of this important case may be recorded m the medical 
literature 

The case of a man aged 30 with the characteristic hematologic and clinical 
findings of infectious mononucleosis is presented by Magner and Brooks The 
atypical features which led to its being reported were hematuria, extensive presence 
of petechiae over the legs, with a few on the chest and buccal mucous membranes, 
an inci eased tendency to bleed from small cuts and oozing from the gums Although 
the platelets were not counted, they are recorded as being greatly reduced at this 
time The other blood findings were a hemoglobin percentage of 92 (Sahh), 
a red cell count of 4,950,000 per cubic millimeter and a leukocyte count of 18,800 
per cubic millimeter with neutrophils 13 per cent, lymphocytes 77 5 per cent, 
monocytes 8 5 per cent and eosinophils 1 per cent It was first thought that the 
patient had idiopathic thrombopenic purpura, but against this was the low per- 
centage of neutrophils The diagnosis of acute leukemia was unlikely because 
of the absence of anemia, furthermore, the lymphocytes, although of the tj^e 
which may be found in leukemia, were much more suggestive of infectious mono- 
nucleosis This observation led to a sheep cell agglutination test, and positive 
agglutination was found m the dilution 1 800 The patient, after being in the 
hospital for sixteen days, apparently recovered, examination two months after 
the onset showed the blood to be normal and agglutination positive only in the 
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dilution 1 10 One questions the diagnosis in this case because hemorrhagic 
manifestations othei than epistaxis ai e exceedingly rare m infectious mononucleosis, 
as IS a reduction m the number of blood platelets Such cases have been regarded 
prcviousl} as instances of purpuia haemoirhagica with an atypical white cell 
response It is also possible that the patient had infectious mononucleosis but 
uith It had also thrombopenic purjjuia due to some drug, such as one of the sulfon- 
amide compounds or alh hsoprop 3 lacetylcaibamide (sedormid) 

The case of a patient in whom infectious mononucleosis followed catheteri- 
zation of the ureter foi Indronephiosis is leported by Fell The ailment was 
characterized b} fe\ei leukopenia with 60 per cent mononuclear cells, a cutaneous 
rash, abdominal pain, inguinal adenitis and jaundice The Wassermann reaction 
was ncgat^^e, but the heterophile antibody leaction w^as positive m the dilution 
1 30 It was suggested that the infectious agent enteied through the urinary 
tract as a result of the uieteral catheterization The cutaneous lash w^as thought 
possibly to ha\e icsulted from the administiation of phenobaibital Furthermore, . 
the author considers the possibihtv that this drug might have low^ered the patient’s 
resistance to such an extent that the infection became established To use the basis 
for these speculatne suggestions does not seem sound 

Seeds discusses the importance of acute cervucal adenitis in children and 
the differential diagnosis of this condition and emphasizes that infectious mono- 
nucleosis should alwa^s be considered when acutely enlarged glands are observed 
m a child 

A review’ of present knowledge of infectious mononucleosis is gi\en by Spark 
SmealP^® reMews the historical, clinical, laboratory and therapeutic aspects of 
infectious mononucleosis w ith special emphasis on the sheep cell agglutination test 
A complete bibliograph) is appended A brief resume of the symptoms and the 
labonitorj’’ findings of infectious mononucleosis, together w’lth a report of a case 
m which the chief clinical manifestation w’as fever, is given by White 

Comment is made by Martin on jaundice as a complication of infectious 
mononucleosis (glandular fever) He had previousl} reported 2 cases in which 
It occurred, and in this communication, adds 3 more In each instance bile appeared 
in the urine, but cutaneous eMdence w’as absent The diagnosis in each case was 
confi»-med by a positive Paul-Bunnell reaction (agglutination of sheep cells) 
He states that fiank jaundice is uncommon in patients wuth infectious mono- 
nucleosis but that daily testing of the urine would probably more often leveal 
latent jaundice Cartel leports a case of jaundice complicating infectious 
mononucleosis because of its compaiative rarity He cites Martin’s statement that 
only 18 instances have been recorded His case w^as that of a woman aged 28 
who had all of the classic clinical evidences of the disease, including the hematic 
changes and positive agglutination of ^heep cells m a dilution of 1 256 One 
week after the onset, jaundice appeared and lemamed for thiiteen days It was 
thought to be of the obstructive type The fact that the jaundice deepened as 
the peripheral glands continued to enlarge was m accord with Martin’s theory 
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that jaundice may result from enlargement of the glands m the portal fissure 
causing obstruction to the bile duct Lymphatic leukemia and Weil’s disease were 
consideied in the differential diagnosis but eliminated by complete studies of the 
blood 

The case of a woman aged 20 with jaundice as a complication of infectious 
mononucleosis is reported by Gold === On admission to the hospital she Avas 
regarded as having simple catarrhal jaundice, as she gave a history of nausea, 
vomiting and fever and was definitely icteric If lymphadenopathy was present when 
the first examination was made, it was overlooked The jaundice increased until the 
serum bilirubin amounted to 23 3 mg per hundi ed cubic centimeters of blood, and 
the icterus index was 150 units The van den Beigh reaction was strongly positive 
The true nature of the illness was ultimately disclosed by the finding of the 
characteristic atypical lymphocytes in the circulating blood and by the aggluti- 
nation of sheep cells m a dilution of 1 128 According to this author, a majority 
of observers consider that jaundice in this condition is due to associated hepatitis, 
but Tidy attributes it to enlargement of glands m the porta hepatis 

In an editorial comment m the Lancet it is emphasized that infectious 
mononucleosis may simulate many diseases and that, as jaundice may occur, the 
diagnosis of catarrhal jaundice may be seriously entertained The advice is given 
that the diagnosis of infectious mononucleosis should be considered in connection 
with any disease that appears to be catanhal jaundice but that shows some unusual 
features, especially adenopathy or splenomegaly 

Bornstein --■* reports an instance in which human serum was observed to con- 
tain sheep cell antibodies in high titer (1 1,600) despite the fact that the patient 
suffered from neither serum siclcness nor infectious mononucleosis Such a reac- 
tion, fortunately for the differential diagnosis of infectious mononucleosis, is exceed- 
ingly uncommon, probably because it is ephemeral and also because the antibodies 
disappear quickly from serum specimens stored in the ice box It is somewhat 
surprising that increased titers of heterophile antibodies are not observed more 
frequently, as it has been shown that an ever increasing number of bacteria con- 
tain heterophile antigen Among such bacteria are the Shiga bacillus and several 
pneumococcus and Salmonella types Occasionally positive reactions have been 
reported in cases of gonorrheal septicemia, aplastic anemia, scarlet fever, rubeola, 
tuberculosis and filariasis and after injections of liver extracts Such positive 
reactions, however, must be exceedingly rare, that they do occur is evidence that 
there is some relation between heterophile antibodies in human serums and infec- 
tions In Bornstem’s case, which gives support to this conception, a strain of 
Bacillus coll was cultured from the blood of a patient with severe cystitis The 
patient’s serum gave a positive heterophile antibody reaction (1 1,600), the anti- 
bodies concerned could be differentiated from the types observed in serum sickness 
and infectious mononucleosis and were of the Forssman variety Unlike the anti- 
bodies m infectious mononucleosis, they disappeared rather quickly from the 
patient’s blood, and the titer of serum kept in the ice box decreased rapidly The 
Wassermann reaction was positive temporarily, although the Kahn and Kline 
reactions were negative There was a transient increase in isoagglutmins The 
antibodies m such cases are, according to the author, the same types as those 
encountered in normal serums, and this, according to him, makes it probable that 
there is a relation between the fluctuating titers of these antibodies and infections 
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Straus and Bernstein have made an investigation of the five different tech- 
nics for the demonstiation of the sheep cell agglutinins in the blood seiuni of 
patients with infectious mononucleosis According to them, each of the following 
factois has an important effect on the sensitivity of the test the amount of blood 
seium emplo 3 ^ed, the seiial dilution of the seium, the concentiation of the sheep 
cell suspension added to the seium, the temperatuie at which the mixtures are 
maintained Aftei a caieful serologic study of a laige nunibei of patients with 
and without infectious mononucleosis, they conclude that seues determinations aie 
of more diagnostic ^alue than single determinations and that the “single tube 
test,” mtioduced by Straus in 1936, is of diagnostic value when positne but does 
not exclude the disease when negatne They state that inci eased titers of hetero- 
phile agglutinins had been lepoited foi the blood seiums of patients with seium 
sickness, pneumonia, scailet feiei, measles tuberculosis, filaiiasis and aplastic 
anemia and for those of patients tieated with quinine or paienteial liver extract 
In the authors’ limited experience they ha\e been unable to confirm these claims, 
although the agglutination titers weie high in a case of serum sickness They 
considei that the differential absoiption test is of diagnostic value, especially in 
cases of infectious mononucleosis, cases m which boideihne titers of heteiophile 
agglutinins are met with, and cases with a history of injections of horse serum 

Lonergan revieu s the development of pi esent knowledge of the hetero- 
phile antibody reaction in infectious mononucleosis and discusses the Straus modi- 
fication of the Paul-Bunnell test It was concluded that a case cannot be classed 
as one of infectious mononucleosis on the simple oi presumptive Paul-Bunnell 
test alone By carrying out absorption tests on all seiums yielding titers of 1 50 
or highei with the presumptive test, the agglutinins may be coiiectly classified 
as agglutinins of seium sickness, of “normal” type oi of infectious mononucleosis 

Canzani, Varela Puentes and di Bello discuss the serologic diagnosis of infec- 
tious mononucleosis and leview present knowledge of the heterophile antibody 
test for the disease As the disordei has varied clinical manifestations, this test 
is of value from a diagnostic standpoint They warn that in some cases of infec- 
tious mononucleosis theie may be a transient false positive serologic reaction 
for syphilis They discuss the disease from the standpoint of etiology and con- 
sider the relationship of Listerella monocytogenes to the condition In their 
opinion, the significance of this organism as a causative agent has not been 
demonstrated 

It IS emphasized by Berkley that as yet no successful treatment has been 
devised for infectious mononucleosis, despite the fact that m patients other than 
infants it constitutes a great handicap and makes for marked economic loss of 
time The author treated 4 patients by intravenous injection of 100 cc of scarlet 
fever convalescent serum and observed complete clinical recoveiy m each within 
forty-eight hours He states that these results bring up the following questions 
Is the benefit due to a nonspecific action of human serum ^ If this is tiue, similar 
effects should be produced by pooled normal human serum Is it possible that 
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infectious mononucleosis is due to a member of the streptococcic group closely 
allied to the streptococcus of scarlet fever Is 100 cc the correct dosage^ 

Smyth reports the case of a young man with a severe attack of infectious 
mononucleosis who made a prompt recovery after receiving on four successive 
days 20 cc of serum from a patient convalescing from this disease On the fourth 
and sixth hospital days 100 roentgens was applied locally to his throat The only 
unusual finding in the case was a serum agglutination of typhoid bacilli in a dilu- 
tion of 1 640, which the author concluded was due either to cross agglutination 
or to nonspecific stimulation of his typhoid antibodies He had received typhoid 
vaccine three years previously The agglutination of sheep cells occurred in a 
dilution of 1 356 It is difficult to evaluate the effects of treatment, and the 
final conclusion regarding the true efficacy of convalescent serum in this condition 
must await many more trials 

The effect of the administration of sulfathiazole in 7 patients with infectious 
mononucleosis was studied by Hoffman, I ees and Comroe It had been their 
experience that the usual measures employed m the treatment of this condition 
were disappointing and that the patients usually faced a long period of disability 
following the subsidence of the acute phase of the illness A total dose of from 
15 to 23 Gm was given to each patient over a period of six to ten days The 
authors’ limited experience did not warrant definite evaluation of this form of 
therapy, but the results attained appeared to be superior to those with other forms of 
treatment, since the fever, malaise, sore thrqat and much of the adenopathy 
disappeared after four to five days The drug did not produce any appreciable 
change in the blood picture 

In a study of 29 patients with the disease whose serum gave agglutination of 
sheep cells, the highest white blood cell count was 26,400 and the lowest 3,700 
per cubic millimeter, the only constant finding in the blood was definite lympho- 
cytosis at some time during the disease The clinical picture did not vary from 
that commonly observed , i e , fever Avas present m 80 7 per cent, sore throat in 
72 4 per cent, and general malaise in 72 4 per cent Cervical adenopathy was 
noted in 100 per cent of the patients The authors did not observe evidence of a 
person to person spread in any instance, nor did they have more than 1 case from 
the same fraternity house or dormitory at any one time In conclusion it is 
stated that sulfathiazole produced prompt clinical improvement in the 7 cases 
m which it was used, without marked change m the Avhite blood cell count or in 
the differential formula 


LYMPHOMATOID DISEASES, LEUKEMIA AND RELATED DISORDERS 

Hodgkin’s Disease — A series of 265 cases of Hodgkin’s disease studied m 
the Memorial Hospital for the Study of Cancer and Allied Diseases, New York, 
has been analyzed by Slaughter and Craver The aA'erage survival time of 
the patients following the initial therapy was found to be thirty-three and eight- 
tenths months, and the aveiage age of onset was 35 years A predilection of 
the disease for males was observed in this study, and painless enlargement of the 
cervical lymph nodes was the commonest presenting symptom Two regimens 
of roentgen therapy have been used in this clinic The first, or “palliative. 


one 
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consists of moderate doses of roentgen radiation, sufficient to control symptoms, 
whereas the second or “obliterative” one aims at radical destruction of the 
disease cells wherever these are well localized Five patients who had localized 
enlargement of lymph nodes were treated surgically, and excellent results were 
obtained in 3 of them Although this group is too small to permit far reaching 
conclusions, the authors suggest that suigical procedures may prove of value in 
those patients in whom the disease is limited to a single chain of lymph nodes 

Haden and Burns point out that, unlike lymphosarcoma and leukemia, Hodg- 
kin’s disease has never been reported m lower animals Of their 47 patients, 
10 complained initially of general symptoms, such as weakness, fever, loss of 
■weight, anorexia and dyspnea, and the lemaimng 37 patients first noted lymph- 
adenopathy, most commonly cervical Splenomegaly occurred in 17 patients and 
hepatomegaly in 6 In 39 patients hypochromic anemia developed during the 
course of their illness The total leukocyte count showed wide variation, but in 
general neutrophilia and relative lymphopenia and monocytopenia occuried when- 
ever there w^as marked leukocytosis The sexes were aftected nearly equally, and 
the average age of incidence was 35 years In this series the average duiation of 
the disease w^as two and a half years 

In their survey of the osseous lesions of Hodgkin’s disease, Vieta, Fnedell 
and Graver found at necropsy evidence of involvement of bones in 49 per cent 
of their 47 cases In 257 cases the incidence of skeletal lesions demonstrable by 
roentgen examination was 14 8 per cent Hodgkin’s disease as contrasted with 
lymphosarcoma does not often include destruction of cortical bone The pelvis, the 
vertebrae, the ribs and the femurs are most frequently attacked, with production 
of pain and local tenderness A mixed osteoblastic and osteolytic lesion is character- 
istically found on roentgen examination, and the blood phosphatase level is elevated 
whenever osteoblastic reactions occur The life expectancy in Hodgkin’s disease has 
not been lessened by the presence of osseous lesions, according to these authors 
The use of radiation has effected temporary improvement in many of their cases 

Zakon and Falkenstein report their biopsy and necropsy obseiwations in 
a case of mycosis fungoides They believe that mycosis fungoides is a disease 
stu geneits and can be differentiated from Hodgkin’s disease by morphologic 
differences in the multinucleated giant cells (not clearly explained m this article) 
and by the absence of fibrosis in the lesions of mycosis fungoides The infrequency 
of visceral lesions in mycosis fungoides and the dissimilaiity of the dermal mani- 
festations of the two diseases are substantiating arguments, these authors believe 

Wise believes that by employing the Wintrobe method of determining the 
erythrocyte sedimentation rate valuable information regarding the activity of Hodg- 
kin’s disease can be gained In 6 cases the rate was elevated whenever there was 
clinical evidence of progression In 2 cases the rate was slowed just before death 
In explanation the author refers to Wintrobe’s statement that the eiythrocytes 
of cachectic tuberculous patients may have a normal rate He also suggests that 
inasmuch as these patients are severely anemic, the apparently low late may be 
due to inaccuracy of the sedimentation correction factor 
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Specific cutaneous lesions appeared initially in the case of Reimann, Havens 
and Herbut^^® There was absence of superficial lymphadenopathy, although at 
necropsy enlarged abdominal nodes were found, which were histopathologically 
diagnostic of Hodgkin’s disease A nodular, ulcerated lesion of the lectum pro- 
ducing obstructive symptoms in a man 33 years of age was proved to be Hodg- 
kin’s granuloma, according to Spiesman and Rubenstein 

Klawans has reported the onset of Hodgkin’s disease during the sixth 
month of pregnancy The disease ran a lapid course m the 33 year old primi- 
gravida, and she died forty-five days after delivery Parade states that m his 
case of pregnancy complicated by Hodgkin’s disease the child died shortly after 
deliveiy No pathologic changes suggestive of Hodgkin’s disease were found at 
necropsy In Ins search of the medical literature he was able to discover no 
evidence pointing to transplacental transfer of the disease Schwind and Hyde 
leport their findings in a 4 month old girl whose peripheral blood contained 
immature cells resembling lymphoblasts The diagnosis of Hodgkin’s disease was 
established on biopsy of a cervical lymph node Bernreiter found agglutination 
of the brucellas of undulant fever in the case of a male patient afflicted with Hodg- 
kin’s disease, although no further evidence of active infection with brucellas was 
obtained The author wonders if brucellosis may produce a lesion resembling 
Hodgkin’s disease 

Lymphoiai coma — In an excellent discussion of the malignant types of 
lymphoma Gall and Malloij recognize seven distinct types (1) stem cell 
lymphoma, (2) clasmatoc} tic lymphoma, (3) lymphoblastic l 3 '-mphoina, (4) 
lymphocytic lymphoma, (5) the lymphoma of Hodgkin’s disease, ( 6 ) the sar- 
coma of Hodgkin’s disease and (7) follicular lymphoma The first four types 
possess a simple cytologic structure m contrast with the complex form of the 
remaining three types From the analysis of their 618 cases the authors have 
found the onset of lymphoma to occur most frequently between the ages of 37 
and 51 years The lymphoma of Hodgkin’s disease, lymphoblastic lymphoma 
and lymphocytic lymphoma occui with significant frequency in the first three 
decades of life whereas the clasmatocytic and follicular types afflict primarily the 
aged Enlargement of the peiipheral lymph nodes was found in 90 per cent of 
the entire series, while splenomegaly occurred most frequently with the lympho- 
cytic type and least often with the sarcoma of Hodgkin’s disease, stem cell lymphoma 
and clasmatocytic l 3 unphoma The highest incidence of osseous lesions was 
noted with the clasmatocytic t 3 '^pe Flematologic studies frequently demonstrated 
anemia of varying degree throughout the entiie series of cases Thrombocytosis 
was a common accompaniment of Hodgkin’s sarcoma, and thrombopenia of lympho- 
blastic and lymphocytic I 3 mphoma The l 3 'mphocytic and the lymphoblastic 
lymphoma and the sarcoma of Hodgkin’s disease often produce leukoc 34 osis Two 
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}eais was the aveiage duration of life foi the entiie senes The authors believe 
that judicious use of ladiation as well as suigical tieatment in ceitain selected 
cases may piolong life 

Stout has studied 218 patients with lymphosai coma, 156 of whom received 
loentgen theiapy, surgical treatment oi a combination of both Of the treated 

patients, 218 pei cent suivived foi five yeais and 14 8 pei cent weie symptom 

free at the end of this peiiod of time Only 3 2 per cent of the untreated patients 
Ined foi a similar length of time, and all of them had experienced lecurience 
of the tumor growth It was obseived that prolonged peiiods of survival weie 
not obtained foi patients afflicted with 1) mphosai coma during the first thiee 

decades of life Of the types of lymphosai coma included m the series, the 

reticulum cell ^^as tound to be the most rapidly destiuctne That favorable thera- 
peutic results are attained only while the tumor remains localized is emphasized 
by this author Jenkmson, Kmzer and Blown are in agreement with Stout 
legardmg the greater mvasiveness of the reticulum cell saicoma Whereas their 
patients with lymphocytic sarcoma lived an average of forty-eight months after 
the onset of symptoms, the patients afflicted with reticulum cell sarcoma lived 
only twenty-four months 

Vieta, Friedell and Cravei discovered osseous lesions in 29 per cent of the 
cases of Ijmiphosarcoma in which autops}' was done, and destruction of cortical 
bone fiequently These lesions, which weie purely osteolytic, were widely dis- 
seminated over the entire skeleton and developed late m the course of the disease 
Temporarj' impiovement, amounting at times to complete regeneration of the 
bone, was observed after loentgeii theiapy 

Thirty-seven cases of tonsillar lymphosarcoma m which tieatment was given 
at the Radium Institute of Pans, France, are reported by del Regato The 
earliest symptoms may be obstructive, inflammatory oi metastatic' Following 
irradiation of the cancers, the details of wdnch are included in the article, 40 5 
per cent of the patients have survived fiom six to fourteen years without symp- 
toms or signs of recurrence Eight treated patients later had metastatic lesions 
of the cervical lymph nodes, wEereas only a single patient had recurrence in the 
tonsillar area 

Tavo types of dermal reaction in lymphoblastoma cutis are recognized by 
Senear The first has the specific histologic pattern of the. primary disease, 
and the second is a toxic manifestation of nonspecific character 

Interesting reports have been contributed to the literature by several investi- 
gators Hine presents his study of a 58 year old w^oman in whom a lympho- 
matous tumor of the left orbit developed A lymphosarcoma of the lacrimal gland 
apparently cured by surgical removal and irradiation of the site is described by 
Perera Tenenbaum was able to discovei in the medical literature only 5 
authenticated cases of lymphosarcoma of the prostate, to which he adds a report 
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of a case The lesion is interesting inasmuch as some pathologists believe no 
lymph tissue exists in the prostate However, rudimentary lymph nodes have 
been described in prostatic tissue, and it is in all probability from one of these 
sites that the lymphosarcoma arose The piesence of generalized lymphosar- 
comatosis in a patient who had congenital absence of the spleen is reported by 
Charache Giant follicular lymphoblastoma of multicentric origin has been 
described by Held and Chasnoff Involvement of both the spleen and the lymph 
nodes was noted m their case Jahsman^®^ reports satisfactory remissions fol- 
lowing roentgen therapy in a 53 year old man who had widespread follicular 
lymphoblastoma 

Leukemia — Although no disease has proved more baffling and more discour- 
aging to the clinician and the investigator than leukemia, there is no discernible 
slackening of interest in it In fact, the new investigational and therapeutic oppor- 
tunities offered by the use of radioactive elements have acted as a powerful stim- 
ulus to workers in this field Recent studies concerning radioactive phosphorus 
will be discussed in a separate section 

A statistical analysis of 64 cases of chronic myelogenous leukemia and 64 cases 
of chronic lymphocytic leukemia has been contributed by Pascucci The aver- 
age age of onset of chionic myelogenous leukemia was 41 1 years, and that of 
chronic lymphocytic leukemia, 49 6 years Males predominated slightly in the 
group suffering from chronic lymphocytic dyscrasia whereas an equal distribution 
with respect to sex was found in the group with myelogenous leukemia Almost 
half (44 per cent) of the patients suffering from myelogenous leukemia complained 
initially of symptoms related to splenomegaly, m contrast with those who had 
lymphatic leukemia, 63 per cent of whom noted progressive enlargement of 
peripheral lymph nodes at the onset and only 27 per cent of whom complained of 
symptoms related to enlargement of the spleen The average duration of life was 
two and five-tenths years in the group with myelogenous leukemia and two and 
eight-tenths years m the group with lymphocytic dyscrasia The author concludes 
that initial splenomegaly occurs m lymphocytic leukemia and early lymphaden- 
opathy in myelogenous leukemia more frequently than was formerly supposed 

In an analysis of 1,500 cases of leukemia in children Cooke found the highest 
incidence in children of 3 and 4 years A sharp decline occurred during the 
following three years, followed thereafter by a more gradual decrease throughout 
later childhood Forty per cent of all the patients were between 3 and 5 years of 
age Approximately 60 per cent of the patients were boys The appearance of 
a peak of incidence during the third and fourth year is in contrast with statistics 
of other tumors of childhood, most of which appear with increasing frequency 
during later childhood On the other hand, the age incidence of childhood leukemia 
and that of childhood infections parallel each othei closely For this reason and 
for the reason that leukemia often develops shortly after an acute infection, the 
author believes that such infections are one of the important factors in the pro- 
duction of these forms of blood dyscrasia m children 
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Four hundred and ninety-five cases of leukemia have been reviewed by 
BethelP®® and have been classified into three mam groups, the lymphogenous, 
the myelogenous and the histogenous, according to the type of parent cell involved 
Lymphogenous leukemia has been further subdivided into the lymphocytic, lympho- 
sarcoma cell and lymphoblastic types, myelogenous leukemia, into myeloblastic, 
myelocytic and myelomonocytic (Naegeli) types, and histogenous leukemia, into 
the histiomonocytic (Schilling) form Of the types of acute leukemia, the lympho- 
blastic predominates during the first two decades, whereupon, after the age of 20, 
the myeloblastic gains ascendency The commonest type of chronic leukemia 
during tlie first six decades is the myelocytic type After the age of 60 the 
lymphocytic type occurs with relatively increasing frequency Acute monocytic 
leukemia was observed most commonly during the fourth and fifth decades, and 
chronic monocjdic leukemia between the ages of 30 and 60 years without special pre- 
dilection for any age group Bethell believes that the incidence of acute leukemia 
may be actually increasing 

In a more detailed study of the lymphogenous (lymphatic) group, 190 cases 
were reviewed by the same author This group of cases comprised 43 8 per 
cent of all cases of leukemia studied at the Simpson Memorial Institute over a 
thirteen year period There were 52 cases of lymphoblastic leukemia, 68 cases 
of lymphocytic leukemia and 70 cases of lymphosarcoma cell leukemia The author 
considers the lymphoblastic dyscrasia as a “cataclysmic disaster of childhood,” 
occurring most frequently in the first decade of life, predominantly in boys The 
presenting symptoms were commonly those attendant on rapidly developing 
anemia, and the average life expectancy was only four months Radiation therapy 
proved to be uniformly unsuccessful in these cases Lymphocytic leukemia occurred 
under the age of 40 years in only 1 case, whereas lymphosarcoma cell leukemia 
showed no predilection with respect to age among females, although before the age 
of 10 years and after the age of 40 years it predominated m males The most com- 
mon initial sign of the lymphocytic and the lymphosarcoma cell leukemia was enlarge- 
ment of the peripheral lymph nodes The average duration of life of patients with 
lymphosarcoma cell leukemia was found to be one year in this series, in contrast 
with the four and nine-tenths years of the group of patients with lymphatic leu- 
kemia Following irradiation of the lesions, a satisfactory, although temporary, 
remission of symptoms was the rule in the cases of lymphocytic leukemia, in 
contrast with the cases of lymphosarcoma cell leukemia, m which the results of 
roentgen therapy were generally less gratifying 

In their series of 22 cases of aleukemic paramyeloblastic leukemia, Evensen 
and Schartum-Hansen found the duration of the disease to vary from two to 
fifteen months, with a more rapid course m younger patients The ages of the 
patients ranged from to 71 years Progressive normocytic or macrocytic 
anemia, thrombopenia and an elevated erythrocyte sedimentation rate were con- 
stant laboratory findings The authors emphasize their findings of joint and 
skeletal pain Splenomegaly was discovered during the course of the disease 
in 9 patients, whereas hepatomegaly occurred in 12 patients and lymphadenopathy 
in 9 Stomatitis was a late complication in 6 

255 Bethell, F H Leukemia A Survey of Cases Observed Over a Fifteen Year Period 

Univ Hosp Bull , Ann Arbor 8 65, 1942 ’ 

256 Bethell, F H Lymphogenous (Lymphatic) Leukemia Diagnostic, Prognostic and 
Th^ap^tm Comideratmns Based on an Analysis of Its Morphologic and Clinical Variants, 

257 Evensen, O K, and Schartum-Hansen, H The Symptomatology of Aleukemic 
Paramyeloblastic Leukemia, Acta med Scandmav 107 227, 1941 



136 


ARCHIVES OF INTERNAL MEDICINE 


That the first signs and symptoms of leukemia may be of ocular origin is 
emphasized by Hansen,-®® who presents a detailed discussion of the ophthalmologic 
changes in leukemia Unfortunately, he presents no statistics concerning the rela- 
tive frequency of the various abnormalities described 

A general review of monocytic leukemia has been contributed by Evans, 
which IS too lengthy to permit detailed discussion 

Dental journals have contained several interesting case reports in which the 
oral lesions of patients with leukemia have been discussed Accoiding to Paster- 
nack, Abbott and Werner the presenting symptoms and signs may be (1) simple 
toothache, (2) swelling or hypertrophy of gingivae, (3) neciosis and ulceration 
of gingivae, (4) osteomyelitis of the jaw and (5) hemoirhages from the gingivae 
A case of acute lymphatic leukemia is piesented in which toothache was the 
earliest symptom of the blood dyscrasia Armbrecht and Apple report the 
case of a 32 year old man who had spongy, swollen gums which bled excessively 
The hematologic findings w^ere compatible with a diagnosis of lymphatic leukemia 
(probably acute, although not so stated) Mason reports a case of chronic 
myelogenous leukemia in which severe gingival hypertrophy was a prominent fea- 
ture Similar findings m a patient sufifering from acute monocytic leukemia weie 
noted by Saghirian and Jones Mallett and Guralmck point out the simi- 
larity of leukemic gingivitis and gingival hypertrophy caused b}' dilantin sodium 
(phenytoin sodium, sodium diphenyl hydantoin) 

Hartz and van der Sar,-®® in their report on a patient who died of chloroleu- 
kemia, emphasize the unusually marked invasiveness of this variant of myelog- 
enous leukemia Pathologic examination demonstrated widespread invasion and^ 
destruction of the w^alls of blood vessels, formation of tumor thrombi and destruc- 
tion of bronchial walls, as w^ell as parenchymal infiltration of the kidneys and the 
jiancreas M’Glone’s -°® patient, a 10 year old boy, presented bilateral orbital 
chloroma, which the author believes original^ developed m the sphenoid sinuses 
At autopsy green urine w'as found in the bladder No detailed studies were made, 
however, to establish the nature of the urinary pigment 

That specific cutaneous lesions rarely occur m myelogenous leukemia is 
apparent m the study of Paul and Limaizi,-®' wdio were able to glean only 
20 cases from the medical literature They report a case m which indurated 
red nodules of the skin developed and in wdiich improvement follow’’ed radiation 
therapy Biopsy at a time when the peripheral blood was indicative of chronic 
myelogenous leukemia showed diffuse infiltration of the corium and subcutaneous 
tissues with masses of blast cells and occasional myelocytes Shortly thereafter 
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the leukemia entered an acute phase, in which numerous myeloblasts were found 
m the blood, and the patient soon died Inasmuch as myeloblasts were found m 
the skin m laige numbers at a time when the leukemic process was of a chronic 
type and the blood was practically devoid of these early cells, the authors suggest 
that there might well have been piimary autochthonous cutaneous derivation of 
the myeloblasts from local reticuloendothelial elements rather than metastatic 
deposition of these immature cells m the dermis 

Chronic myelogenous leukemia occurring in a 6 week old boy has been reported 
by Poncher, Weir and Limarzi They believe this to be the youngest patient 
with the disease on record Goehl presents the clinical and hematologic findings 
in frank eosinophilic leukemia occurring m a lad of 18 years Although the 
familial occurrence of leukemia is not common, Hornbaker"'® has been able to 
present a detailed account of 3 sisters with the disease Two of them had lymphatic 
leukemia, and the third, myelogenous leukemia All were middle aged Four other 
siblings had no evidence of any blood dyscrasia, and there was no familial history 
of leukemia in preceding generations 

Farber and Byleb 3 d point out that chronic lymphatic leukemia is raiely 
complicated by pulmonar}^ tuberculosis, whereas the association of myelogenous 
leukemia and tulierculosis is not unusual Three cases m which chronic lymphatic 
leukemia and active pulmonary tuberculosis occurred concomitantly are presented 
An 83 year old patient of Richards and Moench has been observed at intervals 
during the past sixteen years and has shown on each occasion hematologic 
abnormalities compatible ivith a diagnosis of chronic lymphatic leukemia In a 
short article Sterne describes and illustrates with photomicrographs the evolu- 
tion of the monocyte Brief reports of 5 cases of monocytic leukemia are included 

An antileukocytic sheep serum has been prepared by Thiersch, who injected 
human myelogenous leukemic cells into these animals The serum of the immun- 
ized sheep caused a strong febrile reaction six hours after its injection into 
patients with myelogenous leukemia Both of these patients had previously had 
several courses of roentgen therapy and their leukemia had become refiactory 
to this type of treatment Forty days after the injection of the antileukocytic serum, 
further radiation was given, and a temporary clinical improvement followed 

Heinle, W earn and co-workers report a group of interesting experiments 
in which repeated injection of extracts from the urine of patients who had 
myelogenous leukemia into the tissues of young male guinea pigs produced myeloid 
hyperplasia and metaplasia Soon anemia developed, followed by a marked increase 
m the leukocyte count Concomitant with the leukocytosis, immature myelocytes 
and myeloblasts appeared in the peripheral blood The animals appeared clinically 
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ill and lost weight Necropsy demonstrated myeloid hyperplasia in the bone 
marrow and myeloid metaplasia in the spleen, the liver and the adrenal glands 
of the experimental animals No definite tissue response was observed in guinea 
pigs given injections of extracts prepared from the urine of patients with lymphatic 
leukemia Details of the methods of extraction are presented The authors 
believe that in the urine of patients who have chronic myelogenous leukemia there 
occurs an unknown substance capable of producing myeloid hyperplasia and meta- 
plasia when injected into normal guinea pigs Miller"'® demonstrates lowered 
resistance to infection in guinea pigs similarly treated Small doses of an avirulent 
strain of staphylococci injected into guinea pigs previously treated with the extracts 
from the urine of leukemic patients caused a high mortality, whereas considerably 
larger doses of the same strain of staphylococci produced no reaction when injected 
into control animals 

In their extended metabolic studies of spontaneous and induced leukemia 
of mice, Burk and co-workers found no increase of anaerobic glycolysis in 
the lymph nodes with the induced leukemia This finding contrasted with the 
results of previous experiments conducted on lymph nodes of spontaneously 
leukemic mice On the other hand, the anaerobic glycolysis of leukemic mouse 
liver was considerably increased above the rate of control liver, and the leukemic 
liver tissue produced lactic acid whereas normal liver tissue consumed this 
metabolite In the Rf strain of mice the aerobic glycolysis of leukemic lymph 
nodes exceeded that of control tissue by as much as 50 to 100 per cent Hall 
and Furth^^® found no difference in the oxygen consumption of leukemic and 
normal mouse lymph nodes An inconstant increase of aerobic glycolysis was 
observed in leukemic lymph nodes, whereas anaerobic glycolysis was increased 
invariably 

Interspecies embryonic transmission of avian leukosis was successfully per- 
formed by Pollard and Hall,®^® who employed the agent of fowl leukosis Leukosis 
occurred in duck, turkey, guinea fowl, pheasant and quail embryos That bone 
marrow of normal fowls becomes infective after explantation and in vitro 
cultivation in contact with leukotic plasma has been demonstrated in the experi- 
ments of Doljanski and Pikovski “®® They reported that the agent of fowl 
leukosis requires the presence of living cells in order to maintain its activity 

Kirschbaum and Strong believe that the efficiency of methylcholanthrene, 
3,4-benzpyrene and 1, 2, 5, 6-dibenzanthracene in hastening the appearance of 
leukemia in the high leukemia F strain of mice bears a direct relation to the 
potency of these carcinogens in inducing other types of mouse tumors The 
experiments of McEndy, Boon and Furth have demonstrated that roentgen 
exposure may act as a synergistic agent and increase slightly the incidence of 
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leukemia m mice previously treated dermally with methylcholanthrene A detailed 
account of the methods and of the histologic obsen^ations is presented 

Gardner"®^ implanted pellets of estrone (theelm) m 303 mice of the CCB 
and C3H strains and subsequently observed the development of lymphoid tumors 
in 25 per cent of these animals Tumors developed in only 2 per cent of 482 
untreated animals The neoplasms of the treated animals showed distinct pre- 
dilection for the mediastinum and probably originated in thymus tissue 

Potter and Ward studied the mitochondria of normal and leukemic mouse 
lymphocytes They report that these structures appeal as small discrete granules 
111 supravital preparations of normal lymphocytes In spontaneous and transmitted 
leukemia, the mitochondrial granules appear larger m size 

The leukemoid blood reaction is characterized as a vague category by Meyer 
and Rotten According ' to these authors, two types of reaction have been 
described In the first type, although the leukocyte count remains normal or is but 
slightly elevated, examination of blood films reveals a high percentage of immature 
granulocytes Marked leukocytosis is found m the second type of leukemoid 
reaction, but there is little evidence of granulocytic immaturity Two cases of 
gastric carcinoma in which the second type of leukemoid reaction occurred are 
presented by the authors Whittemore and Stich observed a leukemoid reaction 
to sulfadiazine m a 34 3 '^ear old woman m whom lobar pneumonia developed 
following an episode of diabetic coma The leukocytes rose to 90,000 at a time 
when 37 Gm of the drug had been administered Immature granulocytes were 
noted m the blood film Following discontinuation of sulfadiazine therapy, recovery 
occurred 

An unusual case of myeloid metaplasia of the spleen associated with acute 
hemolytic anemia has been exhaustively discussed by Brewster and Wollenmaii 
The patient, a 25 year old white housewife, complained of weakness and pallor 
She appeared icteric, and her spleen was enlarged Laboratory studies revealed 
elevated bilirubmemia and hemoglobmemia as well as increased fragility of eryth- 
rocytes The red cell count was 1,000,000 per cubic millimeter After repeated 
attempts to demonstrate hemolysis had proved fruitless, splenectomy was per- 
formed After this operation, profound anemia developed, and the patient died 
Histologic examination of the spleen revealed many foci of myeloid metaplasia 
scattered throughout the organ The authors believe that the spleen had been an 
important site of erythropoiesis and that its lemoval precipitated the demise 
of the patient 

Polycythemia — h 12 to 15 per cent increase of hemoglobin and erythrocytes 
was produced m the peripheral blood within a two week period, by the daily 
administration of 10 mg of amphetamine sulfate, according to Davis and Harris 
No effect was observed on the total leukocyte count, and there was no reticulocyte 
response After the administration of the drug was discontinued, the blood values 
fell promptly to pretreatment levels A similar rise of the erythrocyte and hemo- 
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globin levels was observed by Davis following daily injections of solution of 
posterior pituitary and of epinephrine hydiochlonde in both normal and sple- 
nectomized rabbits and dogs Since a significant response occurred in the splenec- 
tomized group, the author believes that the phenomenon is not caused by splenic 
contraction It is believed that in both the human and the animal experiments 
these vasoconstnctoi drugs cause a state of anoxemia in the marrow which stimu- 
lates the production of erythrocytes Lowenhaupt kept guinea pigs m a low 
pressure chamber for periods up to three weeks and noted an aveiage increase 
of 1,000,000 erythiocyte cells per cubic millimeter of blood He noted a definite 
rise in reticulocytes shortly after the animals were exposed to reduced oxygen 
tension, and studies made during this period demonstrated considerable hyper- 
plasia of the marrow When the animals were released from the chamber, the 
blood values fell to normal levels, this alteration being preceded by a decrease 
in the number of reticulocytes During the period of recovery no increase of 
serum bilirubin or of tissue iron could be detected 

Although exhaustive expeiiments have proved beyond a doubt that continuous 
exposure to anoxia produces an elevation of blood erythrocytes and hemoglobin, 
relatively little work has been reported on the effect of intermittent exposure 
to anoxia Stickney and V an Liere studied the effect of intermittent anoxia on 
5 dogs which were subjected to lowered barometric pressures simulating altitudes 
of 12,000 to 18,000 feet The animals were placed m low pressure chambers 
for seven to nine hours daily over a period of six months, and the hemoglobin and 
red blood cell levels were determined at weekly intervals The hemoglobin was the 
first to show an appreciable rise, this being noted first in the third week of the 
experiment During the fifth week the erythrocytes showed a definite increase 
An average increase of 74 per cent of hemoglobin and 84 per cent of red blood 
cells was observed by the end of the experimental period These investigators 
conclude that intermittent exposure to anoxia is capable of producing a notable 
degree of acclimatization, proportional to the seventy of the anoxia and to the 
length of time of exposure 

Of 11 patients treated for polycythemia with lead compounds, 9 have been 
reported by Falconer to show satisfactory results Repeated intravenous admin- 
istration of lead phosphate was used A tendency toward thrombosis constitutes 
a contraindication for this form of therapy Lead acetate by mouth was found to 
be unsatisfactory, since damage to the liver, the central nervous system and the 


peripheral nerves was observed 

A toxic reaction to sulfonamide therapy occurring m a 61 j'^ear old man who 
had polycythemia vera resulted in anemia, leukopenia and neutropenia, according 
to Greenwald, Letwm and Spielholz,*®^ who found that the polycythemic state 
returned after the bone marrow recovered from the intoxication In a short 
article Rhodes and Grunberg recorded a case of polycythemia vera with a 
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leukocyte count of 5,500 cells per cubic millimeter The data presented do not 
seem adequate to establish beyond doubt the diagnosis of Osier- Vaquez disease 
The infrequency of the association of polycythemia vera and thromboangiitis 
obhteians has been noted by Silbert,^®* who presents his findings m such a case 
The author does not believe that theie was any cause and effect relation but 
that the two diseases occurred purely coincidentally Polycythemia vera compli- 
cated by the development of Huntington’s chorea was observed by Kotner and 
Tntt-°° Multiple cerebral thrombi were believed lesponsible for the manifesta- 
tions of involvement of the central nervous system Fitz, Walker and Branch-’”’' 
present a lengthy and rather detailed account of the course of polycythemia 
vera in a middle-aged physician who was under their obsen'^ation for several years 
This patient was treated with a solution of potassium arsemte (Fowler’s solution) 
and a low iron diet for an extended peiiod with only moderate improvement 
Subsequently spray irradiation of the entire bod)'^ produced an excellent remis- 
sion Death eventually occurred, following coronary thrombosis 

Effect of Radioactive Phosphouis in the Tieafment of Leukemia, Lympho- 
blastoma and Polycythemia — Radioactive phosphorus (P30) has now been 
employed m the stud}'- and treatment of leukemia, lymphoblastoma and polycythemia 
for three years Although it is too early to attempt a formal evaluation of the 
merits and the limitations of this agent, several interesting preliminary surveys 
of therapeutic results have been published during the year 

Low-Beer, Lawrence and Stone have contributed an excellent genei al 
review of the therapeutic use of radioactive phosphorus The methods of prepara- 
tion and of administration of this element and a resume of the results attained 
in the group of patients studied at the Crocker Institute are included Two methods 
of oral treatment have been used The first consists in administering large doses 
of radioactive phosphorus (6 to 10 milhcuries) by mouth at irregular intervals, 
whereas the second and more recently developed method consists m giving frequent 
small doses (0 5 to 3 milhcuries) every three days Further clinical experience 
will prove which of these therapeutic regimens is the more effective 

Graver^®® points out the fallacy of attempting to treat leukemia, a widely 
dispersed disease, by means of localized radiation With the use of roentgen rays 
of high voltage, much of the disease is left untreated Spray irradiation of the 
entire body has proved an advance over older forms of therapy However, the 
body’s tolerance to this type of treatment is not great enough to enable one to 
take full advantage of the difference in sensitivity of normal and leukemic tissue 
Since radioactive phosphorus is absorbed m high concentration by rapidly growing 
cancerous tissue, irradiation of the malignant cells is accomplished with a minimum 
of damage to the normal tissues Provided that there is evidence of adequate 
erythropoiesis. Graver administers to his leukemic patient 70 to 150 microcuries of 
radioactive phosphorus per kilogram 111 five to seven daily doses Whenever 
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deficient erythropoiesis occurs, the dose is reduced to 20 microcuries per kilogram 
Thirty-eight patients were treated for leukemia by the author at Memorial Hospital, 
New York Of 11 with chronic myelogenous leukemia, 8 were still alive at the 
time of his report, and satisfactory remission had been produced Generally, 
less favorable results were noted in 11 patients who had chronic lymphatic 
leukemia, whereas no improvement was discerned in 3 who had acute leukemia 
One patient with eosinophilic leukemia was benefited by this form of therapy 

Working in the same clinic, Kenney believes tha't radioactive phosphorus 
IS effective in the treatment of chronic myelogenous leukemia as shown by (1) the 
reduction of the leukocyte count to, or nearly to, normal, (2) the decrease 
in splenomegaly, (3) the absence of disturbance in erythropoiesis, (4) the reduc- 
tion in numbers of myeloblasts and myelocytes m the bone marrow and (5) the 
absence of radiation sickness When it was employed in 8 cases of chronic lymphatic 
leukemia, 5 patients showed definite diminution in size of the spleen and the 
peripheral lymph nodes whereas only 1 patient demonstrated a decrease in the 
total leukocyte count The author urges that caution be used when radioactive 
phosphorus is administered to patients whose bone marrow is extensively infiltrated, 
since their tolerance for this form of therapy is poor 

The fractional or small dose regimen of treatment is preferred by Fitz-Hugh 
and Hodes,®““ who report the results of radioactive phosphorus therapy in 38 
patients with assorted diagnoses Of 8 patients with polycythemia vera so treated, 
4 had excellent remission, 2 improved only slightly or not at all, and the other 2 
patients were commencing treatment at publication of the report Of 5 patients 
with chronic myelogenous leukemia, 2 showed a remission following treatment with 
radioactive phosphorus Two of 4 patients with chronic lymphatic leukemia 
improved after treatment Only 1 of 5 patients with Hodgkin’s disease and 2 
of 6 patients with lymphosarcoma showed any response 

Diamond and Warren have treated 12 children for whom a diagnosis of 
acute leukemia was made In 3 of them true remissions occurred subsequent to 
treatment with radioactive phosphorus Four patients showed slight improvement 
In the remaining 5 patients the course of the disease was uninfluenced Detailed 
results of the use of radioactive phosphorus in 22 cases of lymphosarcoma are 
presented By Kenney and Graver Four of the patients attained excellent 
remissions of from nine to twelve months No improvement was discernible in 10 
patients Partial remissions occurred in 4 patients, whereas 2 have had recurrences, 
which were controlled by further radioactive phosphorus therapy 

Since slight exposure to roentgen rays causes prompt changes in the periph- 
eral blood, Low-Beer and Treadwell were stimulated to study the early 
hematologic effects of the administration of minute doses of radioactive phosphorus 
Using normal human subjects, these authors concluded that 0 006 to 0 009 micro- 
curie of radioactive phosphorus per gram of body weight was sufficient to produce 
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m the penpheral blood discernible changes, consisting of a transient rise and fall 
of the platelets and a slight de\iation of the red cell and hemoglobin levels in 
no constant direction 

Erf and Tuttle present further experimental data concerning the fate 
of radioactue phosphorus m therapeutic doses after its absorption from the 
intestinal tracts of patients being treated for chronic im elogenous leukemia, chronic 
lymphatic leukemia and pohcithemia ^cra ^^lost of the substance remained in 
the acid-soluble fractions of the en throc\ tes, leukoci tes and blood plasma during 
the first ninet}-six hours Radioactue phosphorus appeared early in the niicleo- 
.protem of the ei^lhroci tes and attained a maximum \alue at the end of the first 
fort} -eight hours after administration, whereas the radioactuit} of the phospholipids 
of the er}throc}tcs slowl} increased during a twcnt\-one da} period The radio- 
actue phosphorus content of the phospholipid and nucleoprotein fractions of the 
leukoc}tes increased only during the first ninct}-six hours after ingestion During 
the same period the radioactue phosphorus of the phospholipid fraction of the 
plasma rose while that of the nucleoprotein fraction decreased 

As the result of extensue studies performed on ciclotron operators, Warren 
disco\ered that a few persons show marked fluctuations of their total leukocyte 
count following onh a minimal exposure to the ra}S emanating from the c}clotron 
Such fluctuations indicate instahilit} of the hone marrow and constitute a con- 
traindication to further exposure to the radiation 

MiiUtpIc Myeloma — In their study of 127 cases of multiple myeloma at the 
Ma }0 Clinic, Ghormley and his co-workers '''''' emphasize the lack of pathognomonic 
S}mptoms Backache was the commonest complaint, followed b} weakness and 
loss of weight Pathologic fractures occurred m 40 6 per cent of their senes The 
disease has an a^erage duration of one year after the onset of s}mptoms It 
occurred m males twice as frequently as m females, and the a\eiagc age of onset 
was 54 }ears Albuminuria occurred m 70 per cent and unnary Bence Jones 
protein in 68 per cent of these patients An abnormal serum albumin-globulin 
ratio was found in a little o\er half of the case^ The consistent locntgen finding 
of punched-out areas of bony rarefaction is emphasized ^^’orklng in the same clinic, 
iMarisette and Watkins anal} zed the hematologic data of 56 cases of multiple 
m}eloma The most characteristic changes were (1) anemia of moderate seventy 
and of normochromic t}pe, (2) tightl} packed cr}throcyte rouleaux, resulting 
in tlie so-called greasy blood smear, and (3) accelerated er}throc}te sedimentation 
The authors describe the morphologic differences distinguishing m}eloma cells 
from Marschalko plasma cells Beizer, Hall and Giffin list hyperprotememia, 
hypercalcemia, autohemagglutination, Bence Jones proteinuria, retention of nitro- 
gen and an anticomplementary reaction of the blood serum as important but not 
pathognomonic laboratory findings of multiple m}cloma The value of aspirated 
sternal marrow' as an aid to diagnosis is emphasized Although life insurance 
statistics state that multiple m}eloma comprises 003 of 1 per cent of all tumors. 


304 Erf, L A, and Tuttle, L W Pliospliorus Metabolism of Blood of Patients with 
Leukemia and Polj cythemia. Am J M Sc 203 83, 1942 

305 Warren, S Blood Findings m Cj'clotron Workers, Radiologj' 39 194, 1942 

306 Ghormlej, R K , Pollock, G A , Hall, B F, and Bcizer, L H Multiple Myeloma, 
Surg, G 3 nec & Obst 74 242, 1942 

307 Marisette, L , and Watkins, C H Multiple IMj’eloma Diagnostic Value of the 

Blood Smear, Proc Staff Meet, Majo Clin 17 433, 1942 

Ci Beizer, L H , Hall, B E, and Giffin, H Z The Diagnosis of Multiple Alj-eloma by 
Sternal Aspiration, Am J M Sc 203*829, 1942 
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Preston believes its incidence to be considerably higher than is indicated by 
these figures A short case history is included in his article Haines presents 
a case o£ myeloma which developed in the pharyngeal tonsil of a 75 year old farmer 

BONE MARROW 

The sternal marrow of 40 healthy adults was examined by Plum,=’ii who 
records the average percentage distribution of the various stages of leukocytes 
and erythrocytes found A description of the cells normally found in marrow 
IS included Reich and Kolb,®^- studying 26 normal persons, performed simul- 
taneous punctures at two sites on the sternum and made counts of the elements 
found, using Wright’s stain Since considerable variation occurred in their results, 
the authors conclude that quantitative determination of marrow cells is inexact 
Davidson, Davis and Innes review two opposing theories of the erythropoiesis 
m pernicious anemia The first theory is that the megaloblastic erythropoiesis of 
pernicious anemia is quite distinct from normoblastic erythropoiesis, whereas the 
second hypothesis contends that the megaloblastic marrow of that disease results 
from arrest of maturation and subsequent disappearance of the more mature 
erythrocytic elements from the marrow In their studies of 12 cases of pernicious 
anemia, the authors observed prompt transformation of the marrow within six 
to ten hours after the initial injection of liver extract Megaloblasts decreased in 
number while early normoblasts increased abruptly No evidence of increased 
mitosis was noted These investigators believe that their data support the theory 
that arrest of maturation occurs On the other hand, Wilson,®^® who made some- 
what similar studies on 2 patients, concludes that liver therapy prevents the further 
development of abnormal megaloblasts and permits normoblastic erythropoiesis to 
proceed In observations of the marrow m cases of iron deficiency anemia, this 
author has found evidence that administration of iron stimulates all stages of 
erythrocytic maturation 

Beizer and Watkins report that in 12 cases of aplastic anemia death 
occurred only in those m which the marrow showed marked depression of hemo- 
poietic activity and relative lymphocytosis In cases in which the marrow was 
hyperplastic, recovery was the rule Mandell, Meranze and Meranze discuss 
the bone marrow in various common types of blood dyscrasia from the standpoint 
of morphology 

The importance of aspiration of sternal marrow as a diagnostic aid in cases of 
multiple myeloma is emphasized by Beizer, Hall and Giffin,®”® who were able to 
verify the diagnosis in 8 of their 10 cases by this procedure 

An unusual case of fatal asthma is presented by Chafee, Ross and Gunn,®^" in 
which 22 per cent of the nucleated marrow cells were eosinophilic granulocytes 
Eosinophilic infiltration of the lungs and of the myocardium was also described 

309 Preston, E P Multiple Myeloma, J Florida M A 29 82, 1942 
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Blood containing malaiial paiasilcs was injected intiasteinally into 9 uninfected 
persons in the experiments of Quattiin Tlie paiasites disappeaied from the 
marrow \\ithm tliiee hours aftei injection and could not be demonstiated in 
reticuloendothelial cells oi m nweloc^tcs Clinical malaria developed in 6 of the 
subjects after an incubation peiiod of nine davs. a penod longci, the authoi believes, 
than that usual!} noted aftei mtraxenous injection and suggesting that the 
marrow exerts some unknown action which dcla}S the onset of clinical symptoms 
Emplojing aqueous extracts of labbit mariow, Ncttlcship produced in 
guinea pigs a rabbit mjelocjle antiscium winch when adnnnistcied intravenously 
to rabbits caused piompt significant neutropenia m then pciipheial blood Post- 
mortem examination of the expciimental anim.ils demonstiated hyperemia, 
petechiae and actual ncciolic areas m the mariow The spleen w'as uniformly 
enlarged 

316 Quattnn, N Ridicrchc sull, inocularionc del paracita inalanco per Ma iiUrainidoliare, 
Rj\ di malariol 20 229, 1941 

317 Ncttlediip A Bone Marrow Changes Produced by Specific \ntibodies, Am T 
Path 18 689, 1942 
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Book Reviews 


A Manual of Clinical Therapeutics A Guide for Students and Practitioners By 
Windsor C Cutting, MD Price, §400 Pp 609 Philadelphia W B Saunders Com- 
pany, 1943 

The title presents concisely the contents and purpose of this book The diseases and 
symptom complexes discussed include almost everything encountered by a general practitioner 
that requires drugs and allied procedures for its proper management The book is relatively 
small, small enough that it can be easily carried in the pocket or medical bag It includes a 
brief presentation of definite procedures that are to be used for each clinical state without 
discussing their advantages or disadvantages The therapeutic recommendations are brief 
and to the point As would be expected, a satisfactory use of this book requires a thorough 
knowledge on the part of the reader of tlierapeutics, pharmacology, physiology and clinical 
medicine A physician with this knowledge can benefit considerably from the use of this 
book, for he can appreciate the reasons for the procedures recommended and understand the 
incompleteness of some of the discussions For example, the discussion of the “Care of the 
Teeth and Gums” is presented by the author in three sentences “The teeth should be brushed 
daily, preferably at bedtime Dentifrices are cosmetic preparations which promote the use of 
a toothbrush and may otherwise aid cleansing the teeth t Tooth powders and pastes are 
equally satisfactory” Prescriptions for two inexpensive dentifrices are then suggested 
Obviously, this is a summary of the care of the teeth and gums as practiced by many persons, 
but it IS a far from adequate presentation of the whole problem of dental care, an extremely 
important and neglected therapeutic problem Nevertheless, such examples do not detract from 
the value of the book when it is used intelligently by \vell trained physicians as a source of 
concise, ready information The diet lists, lists of poisons and antidotes, weight and growth 
charts, rules for dosages and other aspects of the writing of prescriptions, lists of clinical 
laboratory procedures, with the values of the normal variations, quantitative methods for 
controlling drug therapj, lists of drugs, with doses, and bibliography are among the other 
good features of the book The author has limited the drugs and procedures recommended 
to those accepted by the Pharmacopeia of the United States, the National Formulary and 
New and Nonofficial Remedies 

For persons who want concise and ready information on therapeutics, the book rates 
highly among any of its sort The material is indexed satisfactorily, and the data are easily 
found 

Vascular Spasm Experimental Studies By Alexander John Nedzel, M D Price, $2 75 
Pp 151, with 161 figures Urbana, 111 The University of Illinois Press, 1943 

Nedzel presents a summary of his experimental work on vascular spasm He believes 
that a great number of diseases are due to disturbances brought about in an organ as a result 
of vascular spasm Following the spasm of blood vessels, there results anoxia with associated 
local disturbances in metabolism and if prolonged permanent physiologic and anatomic damage 
Endocarditis, gastric ulcer and multiple sclerosis are among the disease states discussed 
The author presents evidence of having produced these states, or their equivalents, in experi- 
mental animals by vasospasm, pitressin having been the vasconstricting agent used 

The reviewer is impressed by the lack of thoroughness of control studies and the rather 
sweeping clinical implications made as a result of artificial experimental observations Graphs 
are presented m the chapter entitled “Splanchno-Penpheral Balance” to show how application 
of cold to the surface of the body produces a decrease in the temperature of the viscera and 
heat a rise m visceral temperature In practically all instances there is relatively little time 
allowed for the reaction from one stimulus to wear off before the other is applied One is 
impressed by the fact that the rise in visceral temperature after the cold stimulus is removed 
is not due to the heat applied shortly after the removal of the cold stimulus but a result of the 
mere removal of the cold stimulus In every experiment illustrated graphically, cold was t e 
first stimulus used The author did not isolate culturally and identify precisely injecte 
organisms which were “made” to lodge in certain tissues, e g the mitral valves, because o 
previous mjury by vascular spasm In spite of such criticisms the monograph prove 

of interest to investigators engaged m the studies of vascular physiology and the e ec s o 
climate on the mechanism of disease 
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CorvrtciiT, rnr Mroicvt As<;oiiATioi 


C'\RRION'S DISEAbE 

IMMUNOLOGIC SlUDlLS 


C \LDEROX HOWE, M D 

nO'^TON 


Can ion's disease is the name applied to the clinical disease entit}' caused by 
infection MUth Bailonella bacilhfoimis The teini intludes both the se\cie anemic 
stage of the disease, OiO}a fe\ei and the less se\cie euiptivc stage, ^enllga peiu- 
ana dn the regions where the disease is pre\alent the leim la nniiga is used to 
indicate any form it ma^ assume 

I'klaii} aspects of Can ion’s disease m its \aiious phase-, lemain to be explained 
Noteworth} among these is the immunologic sequence occuiimg in a human 
being during the course of infection That a tangible immunologic response in 
the form of agglutinins does occui m some instances has already been demon- 
strated ^ It has been the priman purpose of the present investigation further to 
define the limits of this immunologic response m relation to the course of the 
disease and to attempt to asccitain what part, if an>, the presence of specific 
agglutinins may ha\e in the long-standing acquned immunity which almost invari- 
ably follows infection 

It became CMdent that a possible approach to this problem might he in deter- 
mining by means of the agglutination test the lc\cl of Immoral antibodies in the 
serum from a significant number of lesidents of icgions wdieic Carrion’s disease is 
endemic This gioup of subjects would of neccssit} have to include patients in all 
stages of this specific disease, with and without a past hisloiy of it 

A piogram of inicstigation has consequently been earned out in the legions 
near Lima, Peru, wdieie Cairion's disease is endemic The field w'oik was confined 
solely to the valle}s of the Santa Eulalia and Rimac iiveis most of the material 
coming from the valley of the former The actual localities involved are indicated 
in figure 1 In addition to those patients studied in the field, a numbei were seen 
in various hospitals in Lima who had conti acted their disease in endemic areas 
other than those alread) mentioned, thus bioadenmg somewdiat the scope of the 
clinical material 

It should be emphasired that even shoit lesidence m any of the endemic areas 
involves repeated exposuie to infection, piovided no steps are taken towaid pro- 
tection against the wald sandfly, wdiich feeds on human beings and animals only at 
tii§[ht Of the thiee species of sandfly occui ring in the veriuga zones, namely, 
Phlebotomus noguchi, Phlebotomus peruensis and Phlebolomus veirucaium, the 
last-named is most probably the chief tiansmitter of the disease Complete ’pro- 
tection can be assured only by quitting befoie nightfall the lather narrow belt 
between about 800 and 3,000 meteis above sea level wheie Phlebotomus occurs 


This investigation was financed in part fioin the Repayments Fund of the Department of 
Comparative Pathology and Tropical Medicine, Haivard Medical School 

q.Pn rS Comparative Pathologv and Tropical Medicine, Harvard Medical 

School, Boston, and the National Institute of Hygiene and Public Health, Lima Peru 
1 Howe, C J E\pcr Med 75 65-7‘5, 1942 
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Occasional persons have contracted severe Oroya fever from even a single night’s 
sojouin in these legions ^ It is thus obvious that all of the persons encountered in 
the present study had had definite and sometimes prolonged exposure to infection 
■wnth B bacilhformis 

MATERIAL AND METHOD 

A total of 203 lesidents of the endemic regions already mentioned were seen in the course 
of the present work Included among them were persons with mild and with severe active 
Carrion’s disease, in each of its several manifestations A large part of them represented 
recent arrivals m the particular areas studied, the duration of their sojourn having been a 
matter of months or weeks, rather than years Most of them were laborers on a new electric 
power project in the upper part of the Santa Eulalia river valley, still within the limits of 
the endemic area All three species of sandfly occur m these localities, which are thus well 



Fig 1 — The area near Lima where the investigation reported here was carried out (from 
Hertig, M Am J Trop Med [supp ] 22 1, 1942) 


known centers of Carrion’s disease The remainder of tlie persons seen were longer residents 
or natives of the two valleys mentioned and thus inevitably would have had prolonged exposure 
to infection 

Blood cultures were made for each patient, 5 to 6 drops of blood being inoculated direct y 
into each of two tubes of Geiman tryptone semisolid bartonella medium ® This medium was 
used exclusively during the field work, since it has proved itself to be far superior to leptospira 
medium both for primary isolation and for maintenance of B bacilhformis labora ory 

Blood for serum was taken at the same time from each patient The level of hemog o m was 
determined by the method of Sahli, the results being checked from time to time witti ones 
obtained with an electric photocolorimeter The erythrocyte count, leukocyte 
hematocrit reading were determined when indicated, and a blood film was stained or 


2 Hertig, M Am J Trop Med (supp ) 22 4-5, 1942 

3 Geiman, Q M Proc Soc Exper Biol &. Med 47 329, 1941 
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bacilhfoimis with Giemsa s solution Relevant clinical information was obtained m every case, 
with special emphasis on any past history of Carrion’s disease, previous residence in endemic 
regions and possible evidence of actual infection A physical examination was done whenever 
indicated, special note being made of the type and extent of any verrucous eruption 

The blood cultui es were kept m the laboratory at room temperature (28 2 C ) and 

examined with a binocular microscope (low power) after ten days to two weeks of incubation 
At the end of this time m the tubes showing growth of B bacilliformis the typical pearly white 
granular colonies were detectable m the strands of fibrin lemammg from the original blood 
clot All strains isolated from blood cultures were confirmed by dark field examination, were 
subcultured and have been earned through at least four transfers They have also m many 
cases been transferred to Geiman blood agar s for determination of motility by dark field 
examination and for further morphologic and immunologic studies now m progress 

An agglutination test with B bacilliformis was performed on serum from every patient 
within a period of not more than two weeks after the date on which the blood was taken 
The antigen used had been prepared m Boston from stock laboratory cultures which had 
been maintained on Geiman blood agar These cultures had originated from four different 
sources, as follows 

The first strain was isolated from the proboscis of a wild sandfly m 1939 in Peru by 
Dr Marshall Hertig The second originated from a patient with Oroya fever m Peru and 
was obtained by Dr Q M Geiman m 1939 The third was isolated fiom a patient with 
severe Oroya fever in Colombia m 1940 and was obtained by Dr Jose Jimenez Franco, of 
Lima The fourth, from a patient with severe Oroya fever in Peru, I isolated myself in 1940 
The reasons for the use of the four different strains in making up the antigen will be 
discussed later 

The antigen, as used, consisted of five days’ growth of these four strains on Geiman blood 
agar The organisms were washed off the slants, centrifuged and resuspended in a 0 4 per cent 
concentration of solution of formaldehyde U S P in 0 85 per cent solution of sodium chloride, 
standardized to represent the growth of one slant per cubic centimeter of suspending medium 
The agglutination test has thus been modified by the substitution of a formaldehyde-treated 
antigen for the suspension of living organisms which was used m the test as originally devised 
Formaldehyde treatment of the suspension was introduced at first chiefly as a measure of 
convenience, since it was felt that a well preserved and standardized antigen would give more 
consistent results But it also afforded some coincidental observations of interest, which in 
letrospect substantiate the greater value of this type of antigen in testing unknown human 
serums 

In the original experiments,! in which suspensions of living organisms were agglutinated 
by serum of rabbits immunized with living organisms, the flocculus was coarse, heavy and 
tightly cohesive Under the dark field microscope the large flakes of clumped organisms were 
easily demonstrated In testing the agglutinating titer of immune rabbit serums used for 
therapeutic purposes during the present study (see appendix, table 1, patients 29, 190 and 205, 
and the footnote to table 1) a formaldehyde-treated suspension was used The resultant flocculus 
was of much finer texture and more easily dispersed Examined under the dark field micro- 
scope, the organisms were seen to be arranged m shreds rather than in clumps Agglutination 
occuried at much higher titers with the formaldehyde-treated antigen than with the suspension of 
living organisms In testing the human serums in the present series, for which the antigen 
was used, the flocculus in tubes with a strong reaction was identical microscopically and grossly 
with that obtained in testing immune rabbit seiums with the same type of suspension 

An explanation for this difference in the character of flocculation with the two types of 
antigen might he in the possibiht> that the formaldehyde-treated suspension represents a group- 
specific antigen, perhaps flagellar in origin and of a protein nature, since it reacts at higher 
dilutions of serum than does the living suspension The latter mav thus represent a t>pe-specific 
somatic antigen 

It IS possible that there exist several distinct strains of B bacilliformis, characterized by 
different serologic specificity Thus a formaldehyde-treated antigen, representing several of these 
strains, would be likely to react both with more serums and to a higher titer than an antigen 
prepared from a suspension of fresh, non-formaldehyde-treated organisms from a single source, 
1 e, a single strain The strains included in the antigen which was used were chosen on an 
empiric basis, as already enumerated, and it was thought, a prioii, that by so doing several 
different antigenic groups might have been included 

All agglutination tests were read after four hours’ incubation at 37 C , followed by twelve 
hours’ refrigeration, a hand lens with a power of 10 being used to examine the higher dilutions 
of serum Agglutination tests vere repeated on all serums after my return to Boston with 
freshly prepared antigen identical with that which had been used in Lima There were no 
discrepancies of any significance between the two sets of results Slight agglutination m even 
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the lowest dilution of serum was considered of diagnostic significance in the light of the general 
results, and their correlation with the other aspects of the studv, in the course of which serum 
from 3S persons without previous exposure to Carrion’s disease failed to show any reaction 
Included among these were 13 patients in a large Boston hospital 

RESULTS 

Of the whole senes of 203 patients, 35 9 per cent showed definite evidence of 
clinical bartonellosis, either eiuption or constitutional symptoms which were 
accompanied by blood cultuies positive for B bacilhformis In this peicentage 
were included 5 persons with typical Oroya fevei The serum from 18 7 per cent 
of the entire senes of 203 subjects showed agglutination to varying titer, 3 0 per 
cent without clinical evidence of disease and 15 8 per cent with evidence of Carrion’s 
disease, either the anemic stage with oi without oiganisms visible in the blood 
smear or the eruptive stage In 24 1 per cent of all the patients B bacilhformis was 
demonstrated by blood culture, with or without accompanying disease or positive 
agglutination test Past history of Carrion’s disease was given by 30 6 per cent 
of all patients, 27 6 per cent without evidence of recurring or persistent disease 
These results are summarized in the following tabulation 


Group 

and 

Blood 

Aggluti- 

nation 

Actual Carrion’s Disease 
Consti- 
tutional 

Past 

Historj of 
Carrion’s 

Total 
Number 
of Patients 

Percentage 

Table No 

Cultures 

Test 

Eruption 

S\ mptoms 

Disease 

in Group 

of Series 

1 

+ 

+ 


+ 

— 

16 

79 

2 

+ 

+ 

+ 


— 

9 

44 

3 

— 

+ 
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30 
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+ 

— 
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74 
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14 
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3 -p , 3 — 

6 

30 

7 

— 

+ 

— 

— 

3 , 3 — 

6 

30 

8 

— 



+ 



— 

24 

118 

9 



- 

- - 

+ 

56 

276 

10 

_ 





— 

62 

30 5 

Number 

positive 

49 

38 

54 

19 

62 

203 

100 0 

Percentage 
of total 

241 

18 7 

26 6 

93 

30 6 




* Positive or negative for B bacilliformis 

On the basis of the results of blood cultuies and agglutination tests and the 
presence or absence of clinical disease or past history of it, all of the patients hate 
been divided into ten groups, as indicated in the tabulation The tables in the 
appendix at the end of this report show significant details in connection with the 
patients m each of these categoiies In each case the age of the patient, the dur- 
ation of the total period of residence in endemic regions and the locality or localities 
where this exposure to infection occuried have been noted There is also in eac 
case a brief summary of significant points m the history and in the clinical an 
laboratory observations 

In table 1 are included 16 patients (7 9 per cent of the total number), a o 
whom had blood cultures positive for B bacilhformis accompanied by constitutiona 
symptoms to greater or lesser degree All of the patients in this group s owe 
marked anemia, as indicated by red cell counts or hemoglobin level In instances 
this severe anemia was part of the picture of typical Oroj^a fever in that aci 
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liformis was present in abundance in blood films It is probable that the anemia 
in a number of other patients m this group might also have been the result of 
invasion of the blood stream, demonstiated only on blood culture No organisms 
were encountered in routine blood smears of these patients, however, since the num- 
ber of parasitized erythrocytes, if such there were, was too small to be immediately 
detectable The patients with Oroya fever (patients 29, 190, 192, 196 and 205) 
showed a relatively lower titer of agglutinins than many of the other less severely 
ill persons in this group (patients 12, 141 and 194) Six patients (3, 12, 100, 121, 
128 and 131) showed a significant rise m titer or increase in the strength of the 
agglutination reaction at constant titer on successive occasions during the course 
of their illness The importance of this change in the titer is discussed in a later 
section Carrion’s disease developed in all of the patients in group 1 shortly after 
exposure in the endemic regions, and hence the periods of incubation had been 
relatively short 

The patients listed in table 2 (44 per cent of the total number) showed the 
typical clinical picture of veriuga peruana, the later eruptive stage of Carrion’s 
disease The majority showed moderate anemia, less severe than that of the 
patients in the preceding gioup and in many instances due probably more to a 
general stage of malnutrition than to any specific infection One patient (191) 
presented a history which m its time sequence is entirely consistent with eailier 
clinical Oroya fever followed by the typical eruption, here strictly confined in its 
distribution to areas of skin over joints The serum from 4 of 9 patients aggluti- 
nated to a dilution of 1 160 It may be significant that in this group of patients 
with eruption the titer of agglutinins was higher in a relatively larger number 
than in the patients in the preceding group, who were in an earlier stage of the 
disease The implications of this difference in titer are discussed later 

The patients in table 3 (3 per cent of the total number) differ from those in 
table 2 only in having blood cultures negative for B bacilliformis on the single 
occasion on which they had been bled for serum One such blood culture obviously 
did not mean that the blood stream had been consistently sterile If several blood 
cultures had been made over a protracted period, it is more than likely that in this 
group one or moie would have been positive for the parasite at one time or 
another Four of these 6 patients had a titer of agglutinins of 1 160 It is of 
interest that 1 of these 4 (patient 204) had lived in endemic regions all of his life 
and presumably had thus been constantly exposed to infection, yet had no definite 
past history of any eruption suggesting Carrion’s disease 

The patients listed in table 4 (7 4 per cent of the total number) had the typical 
eruption, and B bacilliformis was recovered on blood culture Their serums, 
however, showed no agglutination These patients did not differ strikingly, either 
in duration or extent of disease, from those in table 3, yet agglutinins were not 
detectable 

The 3 patients in table 5(14 per cent of the total number) had as a definite 
feature only their blood cultures positive for B bacilliformis They also showed 
symptoms of short duration, which may or may not have had some connection 
with the infection It is thus conceivable that these 3 patients should be grouped 
with those in table 6 

Of the 6 patients in table 6 (3 per cent of the total number), 5 had only a blood 
culture positive for B bacilliformis , 3 had a past history of typical eruption as 
well, and the serum from only 1 patient, who had no actual sign or past history 
of disease, showed agglutination The patients in these two groups (tables 5 and 
6) , representing 4 4 per cent of the total number of persons studied might be called 
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“carneis” They weie viitually asymptomatic, then disease being latent or past, 
but they still hai bored the causative organism in the blood stream 

In table 7 aie 6 patients (3 per cent of the total number) for whom a positive 
agglutination test was the only definite evidence of specific disease Three had a 
past history of t\pical eruption Again it is possible that had several blood cul- 
tuies been made m succession over a longei period, they might have been positive 
for B bacillifoimis on one or more occasions In this lespect these patients are 
analogous to those m table 3 Two of the 6 patients (65 and 68), being natives 
of the endemic regions, had had an eruption which may have been that of Car- 
rion’s disease and had an agglutination test positive to low titer Whether this 
low titer had persisted since the original infection or whether it was the result of 
inappaient reinfection can only be a matter of speculation It is possible that a 
positive agglutination test, m the absence of specific symptomatology, might indi- 
cate transient reinfection or a peisistent carrier state not detectable by a single 
blood culture On this basis, the patients in table 7 would increase the percentage 
of virtually asymptomatic earners encountered among the total numbei of patients 
seen dm mg the piesent survey to 7 4 

The majority of patients with clinical disease had both blood cultures negative 
foi the parasite and negative agglutination tests, as shown in table 8 (118 per 
cent of the total numbei ) The data on these patients as to the period of exposure 
or type and extent of eruption do not differ essentially from the wide variety on 
patients showing blood cultures positive for the parasite and positive agglutination 
tests in othei groups discussed (tables 2, 3 and 4) The average period of 
lesidence in endemic regions, and hence of exposure, of the patients in table 8 
i*! three and five-tenths years The aveiage for the patients m tables 2, 3 and 4 
combined is one and eight-tenths years The variation among persons is so great, 
however, that these averages may mean little as a possible basis for explaining 
the absence of agglutinins m the serum of the group m table 8 

Tables 9 and 10 represent the majoiity of patients seen Table 9 (27 6 per cent 
of the total number) includes all patients with only a past history of Carrions 
disease, definitely established in almost every case It may be of interest that the 
average duration of residence m endemic regions of the patients m this group 
IS eleven and five-tenths yeais, far in excess of that of any of the other groups 
They thus may lepresent the most commonly followed pattern in Carrions 
disease clinical disease, in wide variety, followed by lasting immunity against 
leinfection, without evidence of persistent agglutinins 

In contrast to these patients aie those in table 10, representing 30 5 per cent 
of the total number of patients seen, in whose past history there was nothing to 
suggest clinically evident Cairidn’s disease, who showed no evidence of actua 
infection and whose blood was sterile to culture and did not contain agglutinins or 
B bacilliformis Piesumably all of these patients had been more or less constant y 
exposed to infection, since they were all residents of endemic areas To be sure, 
several patients in this gioup had not been exposed long enough to allow even 
foi minimum incubation peiiods (i e, patients 2, 27, 137, 142, 166, 167 an ), 
and it is possible that these may later have come down with clinical disease or 
mapparent infection It is impossible to say whether some of the patients in t is 
irioup possessed a natural immunity or one acquired as a result of inapparen 
infection in the past It is of interest that natural immunity to the disease seerns 
to be possible even m the piesence of mapparent infection (compare the pa len s 
in tables 5 and 6) 
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COMMENT 

Clinical Data — In the whole senes there was wide variation in age among 
patients with different forms of Carrion’s disease It is piobable, however, judging 
from the large number of persons m this series who had had past infection and 
who had resided in the endemic regions over a long period, that most natives 
contract the infection m some form m their earlier years, during which their first 
exposure takes place The disease, in whatever form it may occur, does not seem 
to be more severe m one age group than in any other 

The majority of the patients were from the regions represented in the accom- 
panying map, with a few from other endemic areas, such as Yauyos, Canta and 
Huaraz There was no piedominance of any one type of disease in any one 
legion, since all types of eruption Aveie encountered in both the Rimac and the 
Santa Eulalia river valley Puente Carrion, also known as Puente Verrugas, is 
of historical inteiest m being one of the most notorious localities for contracting 
bartonellosis This budge is on the railway line fiom Lima to Oioya which 
passes through the Rimac river valley During the constiuction of the railway 
7,000 workmen are said to have perished, most of them of the severe anemic form 
of the infection, each crosstie on the road costing a human life This phase of the 
disease thus came to be known as Oroya fever - Autisha is one of the highest points 
in the Santa Eulalia valley, where verruga is known to occur m abundance and 
where many of the patients mentioned heie were seen (altitude 2,175 meteis above 
sea level) 

In the so-called “classic case” of Oroya fever the incubation period is thought to 
be ten days to three weeks ^ The incubation period for the ei uptive stage, with 
or without the anemic stage preceding it, vanes much more widely and is not 
readily delimited The actual incubation period for a given patient m the piesent 
series was difficult, if not impossible, to determine, since among the patients seen 
the duration of residence in the endemic regions, and hence of exposuie, varied 
so greatly There were many patients who had had but a few weeks to a few 
months of exposure in whom the severe form of the disease developed On 
the other hand, there was 1 patient (table 1, patient 29) who had lived m the 
endemic region of the Santa Eulalia valley for eight years without sign or symptom 
before contracting severe Oroya fever What factors determine the incubation 
period are not known It is obvious that the duration of exposure bears no direct 
1 elation to the type or the seventy of the ensuing disease 

The usual course of events is for one attack of Oroya fever or of verruga in 
any form to confer lasting immunity Recurrence of Oroya fever is rare and was 
not encountered during the course of the present study The recurrence of the 
typical eruption, however, is not uncommon There were 4 patients with such 
recurrences in the present series (table 9, patients 48, 78, 84 and 106), 1 of them 
(patient 106) claiming to have had five attacks in all of typical verruga peruana 
Whether these recurient attacks represented acute exacerbations of persistent 
mapparent infections or actual reinfections is not clear 

Of great interest also were those peisons with actual inappaient infection who 
harbored the organism, as shown by blood culture, but who were entirely asymp- 
tomatic or had only mild nonspecific complaints A few had a past history of 
veiruga, some with and some without a positive agglutination test Such peisons, 
along with patients with frank Oroj'^a fever and verruga, may represent a natural 
reservoii of infection and serve as carriers to maintain the infection m wild sand- 
flies in a gn en locality oi to carry infection from one site to another 

4 Rebaghati, R Verruga peruana, Lima, Imprenta Torres Aguirre, 1940 
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The symptoms which accompanied either form of the disease weie variable 
when present In the anemic patients, who also had usually moderate to marked 
elevation of temperature, there were symptoms characteristic of any anemia or 
fever, such as extreme fatigue, general prostration, dizziness, anorexia and thirst 
Late m the anemic stage or early in the eruptive stage many patients complained 
of pain in the long bones and of severe arthralgia The eruption, m many 
instances, was situated over bony prominences or over joints One patient (table 2, 
patient 191), who presented a story entirely consistent with severe Oroya fever 
preceding his eruption, had nodules strictly confined to areas of skin directly over 
joints, large and small, of all four extremities In other instances of extensive 
eruption the nodules were distributed at random, usually over the extremities and 
the face, and the miliary form on the trunk only In the case of miliary nodules the 
eruption was often generalized 

Blood Cultwes — ^The morphology of the various stiains mentioned in the tables 
lefers to observations made on second and third transfers from original blood 
cultures It will be seen that there is a wide variety of growth characteristics, from 
large coarse granular colonies scattered at random throughout the medium to a 
fine cloudy type of growth confined to a sharp level usually in the upper 2 cc of 
medium Often there were large granular colonies surrounded by a halo of 
satellite colonies All of these strains were examined with the dark field micro- 
scope for the presence of motile organisms and spirals It has been thought prob- 
able ® that the presence and quantity of the fine rigid spirals often seen in the dark 
field microscope m large numbers loosely attached to colonies of organisms are an 
index of earlier motility of the strain m question Actual motility is more easily 
demonstrated m young cultures on Geiman blood agar, to which a number of 
the new strains enumerated here have been transferred for further study It will 
be seen that there is no correlation of the type of growth or the presence of spirals 
to the type, severity or duration of the clinical disease m a given case 

Studies of the Blood — In those patients with frank Oroya fever the degree of 
anemia was remarkably severe, in 3 cases (patients 29, 190 and 205) the erythrocyte 
count falling below 1,000,000 cells per cubic millimeter and the hemoglobin reach- 
ing extremely low levels There was also severe anemia in the other patients 
with invasion of the blood stream demonstrated by blood cultures only and with 
marked constitutional symptoms (table 1) The type of anemia m these patients 
was usually normocytic or slightly macrocytic and hypochromic as judged by 
examination of a blood smear It is difficult to explain the rather marked anemia 
encountered in some of the patients with eruption purely on the basis of persistent 
invasion of the blood stream by B bacilliformis Often, m addition, there was 
profuse bleeding from ulcerated and ruptured nodules, leading to marked secondary 
anemia Malnutrition among the native population is prevalent to a degree so 
distressing that various deficiencies must be considered as playing a highly 
important part in the blood picture of all of the patients seen Widespread occur- 
ence of intestinal parasitic diseases, as well as _ malaria and tuberculosis, must 
also be counted among the many factors in this moderate to severe anemia encoun- 
tered in the native population It is of interest that marked leukocytosis was t le 
exception in the present series and occurred in severe cases of Oroya fever ^ 
only where there was definite evidence of serious secondary infection (table 1, 

patient 196) 

Agglutinins — Among the chief objectives of the present study were the fol- 
lowing ones to determine (a) at what stage during the course of natural in ection 

5 Geiman, Q M Personal communication to the author 
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with B bacilliformis there might be a rise m specific humoral antibodies detectable 
by means of the agglutination test, (b) how long these agglutinins persist after 
the peak of the infection and (c) whether agglutinins play any pait in immunity 
In an attempt to determine at what stage of the disease agglutinins appear, all 
of those patients showing definite eruption or constitutional symptoms referable to 
blood cultures positive for B bacilliformis with or without titer of agglutinins 
have been represented in the accompanying chart (fig 3), the titer of agglutinins 
where they occurred being plotted against the duration of the disease Those 
patients not showing a titer of agglutinins are indicated in the separate strip 
underneath the mam body of the chart Each vertical line represents a single 
patient The blood cultures made at the same time as the serologic tests are 
indicated as positive or negative, and each patient’s illness is designated as eruptive, 
severely anemic (Oroya fever) or accompanied by constitutional symptoms In 
only a few instances was more than one agglutination test on one occasion done 
during the course of a given patient’s illness 
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Fig 2 — The relation of agglutinins for B bacilliformis to clinically evident Carrion’s disease 


Seventy-three patients are represented in the chart Of these, 32 9 per cent 
had typical verrucous eruptions, eaily or late, with blood culture negative for B 
bacilliformis and negative agglutination test, 219 pei cent had constitutional 
symptoms, chiefly those due to severe anemia (including 5 instances of proved 
Oroya fever, blood cultures positive for the parasite and positive agglutination 
test to varying titer) , 20 5 per cent had positive cultures and negative agglutina- 
tion tests but typical eruption ,12 3 per cent had positive cultures and agglutina- 
tion tests and typical veriuga, 8 2 per cent had typical verruga and negative 
agglutination tests and blood cultures, and 4 2 per cent had positive blood cultures, 
negative agglutination tests and constitutional symptoms probably due to proved 
infection 

It IS obvious that no 2 cases wmuld be exactly similai with respect to incubation 
period, duration of acute anemic stage or eruption Rather the reverse was true 
in that there was wude variation in these factors, as far as they could be deter- 
mined They cannot therefoie be exactly superimposed to give an accurate com- 
posite picture of the course of the disease as a whole But it does appear likely, 
from the evidence as giaphically outlined, that the majority of patients show^ed a 
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significant titer of agglutinins, often as high as 1 320, in the earliei stages of the 
disease In othei words, those patients who were tested during the anemic stage 
or during the first part of the eruptive stage were more likely to show significant 
titei than those patients who had recovered completely or who had had a minimal 
or extensive eruption over a relatively longer period Of those patients m the 
eailier stage of the disease, either anemic oi eruptive, showing moderate or high 
titer of agglutinins, by far the majority also had blood cultures positive for B 
bacillifoimis The majority of these were either patients with severe anemia with 
organisms visible in the blood film or patients with severe constitutional symptoms 
explainable only on the basis of infection with B bacilhformis, proved by blood 
culture Of those patients showing a definite titer of agglutinins much later 
in the course of then disease, the larger part had blood cultures negative for the 
parasite and were m the eruptive stage Though there are a few discrepancies 
between these two general categories, i e , those eai ly in the acute stage of the 
disease with positive blood cultures and positive agglutination test and those later 
m the course with eruption, negative blood cultures and positive agglutination 
tests, it appears likely that agglutinins, when they do appear, are detectable early 
m the acute stage of the disease, while blood cultures are still positive They 
may peisist into the eruptive stage after blood cultures have become negative 
It should not be infened, howevei, that Wood cultures invariably become negative 
when the eruptive stage has developed, since in many cases organisms were recov- 
ered from the blood stieam even aftei the eruption had completely subsided The 
probability that agglutinins usually do not persist after the complete disappearance 
of the eruption is substantiated by data on the patients in table 9, all of whom 
had a past history of eruption or pioved infection, with an average of five and 
nine-tenths years since the termination of disease The only exception to this 
picture are 3 of the 6 patients represented in table 7 (patients 65, 68 and 162) 
These persons had past histones suggestive of verruga, as well as agglutinins to 
varying titer For these patients it is impossible to tell whether the agglutinins 
had persisted since the original clinical disease or had reappeared as a result of 
more recent inapparent infection 

It IS possible that in some of the infections of longer standing (table 7, patients 
35, 39, 145 and 185) there might have been agglutinins earlier in the course of 
the disease This is only speculation, however, and the only other conclusion 
to be drawn in the light of the evidence at hand is that m not all cases of even 
the most typical eruption is a measuiable titer of agglutinins pioduced 

Conversely, it is unlikely that agglutinins play any significant part in the last 
mg acquired immunity which almost invariably follows the typical clinical disease 
This IS again evident from the patients listed in table 9 These all had had 
typical Carrion’s disease in varying degree, which was apparently followed by 
lasting immunity, since m most cases there was no definite recurrence of eruption 
in spite of prolonged exposure by virtue of residence in endemic regions subse- 
quent to the actual clinical disease Recurrence of frank Oroya fever, as has been 
stated, IS rare and was not encountered in the present study 

The question of the mechanism of immunity has been approached from another 
angle, that of active and passive immunization Three patients with severe Oroya 
fever (table 1, patients 29, 190 and 205) were treated with a large quantity of 
hyperimmune rabbit serum of high agglutinin titer, prepared by repeated ultra- 
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venous injection into rabbits of living B bacilliformis ° The fact that these three 
attempts at passive immunization did not clear the blood stream of organisms is 
some indication that immunity to B bacilliformis is not of the rapidly sterilizing 
type 

This possibility is also suggested by the preliminary lesults of another experi- 
ment still in progress involving active immunization of persons without previous 
exposure to infection by Bartonella Twenty-two members of a mihtaiy detach- 
ment, assigned to guard duty at three heavily infected localities in the Rimac river 
A^alley, were each given subcutaneously 1 cc of a formaldehyde-treated suspension of 
B bacilliformis (identical with that used in performing routine agglutination tests) 
before taking up their posts They were given 1 cc more after one week’s tour of 
duty Three weeks to one month after the first injection all showed agglutinins for 
B bacilhfoimis There was no agglutination in any case or m any dilution with 
serum taken before immunization At the end of about five months of continuous 
lesidence in the endemic regions, none of the men showed any signs of severe 
illness, but from 11 of them B bacilliformis was recovered by blood cultuie The 
blood m every case befoie immunization and exposure had been steiile to culture 
It seems evident, theiefore, that the production of specific agglutinins in human 
beings by inoculation with a formaldehyde-treated suspension of B bacilliformis 
does not in all cases prevent infection It appears possible, however, that such 
immunization might ameliorate the course of potential Carrion’s disease in persons 
not previously exposed, since none of the group in question was incapacitated as a 
direct result of proved infection No final conclusions concerning the efficacy 
of active immunization in the prevention of Can ion’s disease can of course be 
drawn until the data from these prehminaiy experiments on vaccination are com- 
pleted and furthei application in the field is earned out 

SUMMARY 

A total of 203 inhabitants of two valleys on the Pacific slope of the Peruvian 
Andes in the foothills near Lima and natives of other parts who had come to 
Lima for hospitalization were examined for actual evidence or past history of 
Carrion’s disease All were or had at one time been residents of regions where 
bartonellosis is endemic Blood cultures on special Bartonella medium weie made 
for each person An agglutination test, using foi maldehyde-treated suspensions of 
B bacilliformis, was pei formed on serum from each patient, once in Lima and again 
111 Boston with freshly piepared antigen Routine studies of the blood were per- 
formed when indicated, with special emphasis on the possibility of encountering 
the specific organism in blood smears stained with Giemsa’s stain 

Important clinical data, including age incidence, geographic distribution, variety 
of symptomatology and types of disease encountered, are discussed in relation to 
pertinent laboratory studies Special emphasis is placed on the discussion of 
agglutinins and then role in acquired, active and passive immunity to infection 
with B bacilhfoimis 

6 Data on these 3 patients are to be reported in detail at a later date (Arch Int Med , to 

be published) ’ 

7 The experiment is being conducted in collaboration with Dr Marshall Hertig, of the 
National Institute of Hygiene and Public Health, Lima, and is to be reported in detail at a 
later date Dr Q M Geiman, of the Department of Comparative Pathology and Tropical 
Medicine, Harvard Medical School, prepared and sent to Lima at short notice a portion of the 
vaccine used on some of the patients in this immunization experiment 
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ARCHIVES OF INTERNAL MEDICINE 


A statistical analysis of the types of disease encountered, with relevant clinical 
and laboratory observations, is included in ten tables in an appendix at the end 
of this report These serve to emphasize the wide variety of clinical and laboratory 
data encountered in a significantly large series of cases 

CONCLUSIONS 

From an analysis of the results of agglutination tests and blood cultures and 
the course of disease in each patient it becomes evident that a measurable titer of 
agglutinins is probably not produced in all persons with Carrion’s disease On 
the other hand, it appears that agglutinins, when they do occur, are detectable 
mo=t often during the early achte anemic stage of the disease (clinical or sub- 
chnical Oroya fever), when blood cultures are regularly positive for B bacil- 
hformis and the parasite is often detectable m the blood smear It may not be 
premature to conjecture that the titei of agglutinins encountered at this stage is 
proportional to the severity of the preemptive invasion of the blood stream, and 
to the patient’s response to such invasion as evidenced by the severity of symptoms 
and other relevant clinical data 

From observations made on several patients at different stages of their disease 
it IS probable that the titer of agglutinins uses and most often reaches a peak 
just prior to the appearance of the eiuption As observed in the majority of cases 
m which eruption occuis, there is apparently a decline in titer as the eruption 
progi esses and finally subsides In the majority of cases after all evidence of 
eruption has subsided, no agglutinins are found in the serum In many instances, 
blood cultures positive for B bacilhformis may outlast the duration of the 
agglutinin response Rar?ly is the reverse the case 

It appears unlikely that agglutinins play any major pait in the almost universal 
acquired immunity which follows the typical clinical disease or m the apparent 
immunity which may be present in long term residents of endemic areas, who deny 
a past history of Carrion’s disease 

Conversely, it appears impiobable that the production of agglutinins for B 
bacilhformis in nonimmune persons by actitve immunization with formaldehyde- 
treated vaccine prevents asymptomatic infection of the blood stream Likewise, it is 
evident that administration of specific hyperimmune rabbit serum of high agglutinin 
titer does not sterilize the blood stream completely in cases of severe Oroya fever 

The agglutination test made with a formaldehyde-treated suspension of B 
bacilhformis may be of some aid in the diagnosis of unexplained fever, anemia and 
constitutional symptoms, representing mild or severe illness preceding a later 
recognizable eruption in a person who is likely to have been exposed to infection 
The agglutination test would not, however, seem to be of great use either in deter- 
mining past infection or in estimating the degree of immunity in persons who 
claim to have had Carrion’s disease 

Agglutination m even the lowest dilutions of serum is thought to be of diag- 
nostic significance 

APPENDIX 

On the basis of results of blood cultuies and agglutination tests and of the 
presence or absence of clinical disease or past history of it all of the patients studied 
have been divided into ten groups (see the tabulation in the text, paragraph 1 under 
“Results”) The data on all of the patients involved in the present study are 
compiled in the ten corresponding tables which follow 
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Table 3 — PaUenis With Blood Culture Negative for B Bacillifotmis and Positive Agglutination 
Test, in the Eniptive Stage of Cairion’s Disease With or Without Consti- 
tutional Symptoms, But With No Past History of the Disease 


Duration and 

Patient Place of Residence 
No , in Endemic 

Age Region 


Clinical 
Histoir. 
Signs and 
Symptoms 


Agglutination 

Test 

, • s Studies of the 

12 3 4 5 0 Blood Comment 


14 1 yr , Autisha, 

22 yr Huinco 


122 1 mo a year prior 

32 yr to present data, 
Chaupichaca, 

10 days prior to 
present data, 
Puente Carridn 


174 Life, Pallle 

3yr 


180 4 mo , Huinco 

40 yr 


184 9 mo ending 5 mo 

20 yr before date of 
present data, 
Yauyos 


204 Whole life save 0 mo 
22 yr ending 10 mo before 
date of present 
data, return to 
endemic region for 
0 mo ending 3 mo 
before present data, 
Tauyos 


Eruption for 3 mo 3 2 10 

preceded by fever 

and pains in bones 

for 3 days, subcu 

taneous nodules on 

left ankle and 

forearm 

Subsiding minimal A 0 0 0 
miliary eruption B 0 0 0 
present for 7 mo , O 2 3 3 2 — 
preceded by febrile 
symptoms for 4 mo 


Eruption present 
lor C mo , 1 cm 
nodules on legs and 
arms, preceded by 
febrile symptoms 
for 2 mo 

Generalized miliary 
and nodular crup 
tion present for 
1 mo , preceded by 
generalized pains 
in bones and irreg 
ular fever for 2 mo 
Eruption present 
for 6 mo , having 
appeared dunng 
last month of period 
of exposure, l large 
nodule on right 
arm, subcutaneous 
nodules on the shins 

1 nodule on right 
clbovr, present for 
1C mo , malaise, 
anorexia, pains in 
bones and night 
sweats present for 

2 mo 


3 2 2 1 1 1 


4 4 3 3 2 2 


4 4 4 2 1 1 


3 4 4 4 3 1 


BBC 4,300,000 
W B O C.COO, 
hb 12 26Gm 


B hb 11 Gm 


BBC 2,390,000, 
hb 4 5 Qm hema 
tocrlt rending 10 


BBC 2,020,000, 
W B O 0,400 
hb 7 75 Gm , hema 
tocrit reading 21 


R B 0 3,510 000, 
W B O 0,000, 
hb 8 Gm , hema- 
tocrlt reading SO 


BBC 2,000,000, 
hb 6 25 Gm 


Hands, arms and reck 
covered with sandfly 
bites, laboratory 
data A after lO days, 
B after 25 days and 
C after 36 days at 
Puente Carrldn no 
change in clinical 
course 

Conjunctivas 
extremely pale 


Seen in hospital, 
admitted 1 mo prior 
to date of present 
data slight fever 
during 1st few days, 
no fever thereafter 

Seen in hospital 
moderately febrile 
course, with tempera 
tures, not above 
39 0 (102 2 F ) Kahn 
reaction 2+ Wasser 
mann reaction — 

Seen In hospital 


All pericds appearing in any column in the tables are represented as ending 
on the date on which the data and blood for the present investigation were taken, 
unless otherwise specified in individual cases Original blood cultures are labeled 
either positive or negative, according to whether typical growth of B bacilliformis 
was detected grossly and confirmed by dark field examination after the proper 
incubation The morphologic details mentioned refer to observations made on 
second and on third transfer from original blood cultures All of these transfers 
were examined with the dark field microscope (indicated by “DF”) and indication 
IS given m each case where spirals or actual motile organisms were encountered 
As mentioned m the text of this report, these spirals are tliought to be an index 
of earner motility of a given strain The numbers 1 through 6 at the head of the 
column giving the results of the agglutination tests represent, respectively, final 
dilutions of serum, after addition of the antigen, of 1 2, 1 10, 1 20, 1 40, 1 80 
and 1 160 The strength of the reaction m each case is graded from 4 to 0, 4 
indicating a heavy flocculus with clear supernatant fluid, 3 to 1 indicating that 
agglutination was progressively less marked and 0 indicating that no agglutination 
occurred A dash (-) indicates that no test was performed for a given dilution 
Values for hemoglobin are expressed as grams per hundred cubic centimeters, 
and an asterisk indicates that a value determined by the method of Sahli was 
checked by means of an electric photocolorimeter 
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Table 4 — Patients With Blood Cultuie Positive foi B Bactlhformis and Negative Agglutination 
Test, in Eruptive Stage of Carrion’s Disease With or Without Consti- 
tutional Symptoms, But With No Past Histoiy of the Disease 



Duration and 

Clinical 

Patient 

Place of 

History, 

No , 

Eesidence in 

Signs and 

Age 

Endemic Eegion 

Symptoms 

8 

21 yr 

7 mo , Autisha 

Pain in bones for 4 
mo eruption for 2 mo 
with small nodules on 
lower legs and 1 or 2 
at each elbow 

10 

27 yr 

4 mo , Autisha 

Recent efuption still 
present, 4 large subcu- 
taneous nodules 

19 

27 yr 

1 yr , Autisha 

Eruption for 40 days 
with 2 nodules and 2 
subcutaneous lesions, 
preceded by 1 wk of 
febrile symptoms 

36 

9 mo , Huinco, 

3 moderately large 

21 yr 

Autisha 

subcutaneous nodules 
and smaller scattered 
nodules present for 

1 mo preceded by 1 
wk of febrile symp 
toms and pains in 
bones 

45 

30 yr 

6 mo , Autisha 

1 mo of slight malaise, 
small incipient subeu 
taneous nodules for 

6 days 

54 

11 mo , Huinco, 

Pains in bones for 1 

19 yr 

Autisha 

mo and 1 subcutane 
ous nodule which sub 
sided 7 mo prior to 
present data, general 
symptoms persisted 

61 

23 yr 

7 mo , Huinco 

2 wk of miliary erup 
tion on both lower 
legs and forearms, 2 
days of fever 2 wk 
prior to eruption 

73 

2 yr 

7 mo , Autisha 

Eruption present for 

2 mo , preceded by 

1 wk of fever, ano- 
rexia and sweating, 
many small nodules, 
widely scattered 

74 

23 yr 

7 mo , Autisha 

Eruption present for 

3 mo . 2 subcutaneous 
nodules on left elbow 

80 

44 yr 

1 yr , Autisha 

Pains in bones of leg 
for 38 days, followed 
by minimal miliary 
eruption on both wrists 

101 

1 yr , Barba 

1 subcutaneous nodule 

29 yr 

blanea 

for 1 mo , preceded by 

8 days of febrile symp- 
toms 

168 

8 yr , Santa 
Eulalia 

Minimal miliary erup 

18 yr 

tion present on lower 
legs and forearms for 

3 mo , preceded by 
febrile symptoms for 

2 mo 

182 
30 yr 

6 mo , Tauyos 

Eruption present for 

60 days, nodule on 
right knee and arm, 
legs covered with 
brawny vestiges of ver- 
rucous eruption, which 
had been preeeded by 
vague febrile symp 
toms for 1% mo 

197 
19 yr 

5 mo , Tauyos 

Eruption present for 

3 mo , subcutaneous 
nodules on lower e\ 
tremities, preceded 4 
mo earlier by irregular 
fever, ? jaundice, ano 
rexla and splenomegaly 

15 

4 mo , Huinco, 
Auti«ha 

2 to 3 subcutaneous 

25 yr 

nodules on arms and 
legs present for 2 mo , 
preceded by pains in 
the bones and night 
sweats for 2 mo 


Blood 

Cultures 

Studies of the 
Blood 

Comment 

Positive, varied 
granular and 
cloudy level, 

DP, spirals 

R B C 3,960,000, 
hb 10 Cm 
hematocrit read 
ing33 


Positive, granular 
growth, no level , 

DP spirals 

Positive, finely 
cloudy, sharp 
level, DP, spirals 

R B C 3,290,000, 
hb 8 75 Cm 

R B C 4,670,000, 
hb 116Gm 

Eruption present 
2 mo after 
present data 
taken 

Positive, cloudy 
level, DP, spirals 

R B 0 3,970,000. 
hb 9 Gm 


Positive, varied 
granular and 
cloudy, sharp level, 
DP, spirals 

Positive, cloudy 
sharp level, 

DP, spirals 

Hb 8 25 Gm 

Hb 10 25 Gm 

Infection prob 
ably extended 
over 7 mo 

Positive, fine 
irregular, bunchy 
growth no level, 
DP, no spirals 

Hb 9 75 Gm 


Positive, cloudy 
and granular 
growth, DP, spirals 

R B C 3,970,000, 
hb 9Gm 


Positive finely 
granular sharp 
level, DP, spirals 

A, B positive, 
varied granular 
growth, DP, 
spirals 

Positive, large 
and small colonies, 
with large halos, 
DP, spirals 
Positive, varied 
granular and 
cloudy growth , 

DP, spirals 

Hb 9 25 Gm 

A hb 10 75 Gm , 

B hb 10 6 Gm 

Hb 9 Gm 

Laboratory data 
A after 1 mo of 
symptoms, B 11 
days later, 1 wk 
after eruption 
appeared 

Profuse bleeding 
from nodule 

Positive, varied 
granular sharp 
level, DP, spirals 

R B C 3,160,000, 
W B C 8,900, 
hb 8 25Gm 

Seen in hospital, 
sehizonts and 
gametes of Pins 
modium vivax 
in blood film 
chart unremark- 
able 

Positive, sparse 
finely granular 
colonies DP, 
no spirals 

Hb 10 Gm 

Seen in hospital, 
spleen palpable, 
hard, painful 

Positive roughly 
granular growth, 
DP, spirals 

R B 0 4,000 000, 
W B O 4,800, 
hb 12 0Gm 

In Huinco nt 
time eruption 
appeared 
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Table S— Patients With Blood Cnltme Positive for B Bactlhf omits and Negative Agglutination 
Test, With No Eiuption oi Past History of Carrion’s Disease, 

But With Constitutional Symptoms 


Duration and 


Patient Place of Residence 

Clinical History 




No , 
Age 

in Endemic 

Signs and 

Blood 

Studies of the 


Region 

Symptoms 

Cultures 

Blood 

Comment 

77 

29 yr 

1 yr , Autisha, 
Huinco 

1 wk of pains in 
bones of o\tremIties 
and general malaise 

Positive, finely 
granular growth, 
sharp level 

Hb 9 75Gm 


130 

110 days, Puente 

Headaehe and pains 

A contaminated. 

A hb 9 25 Gm , 

Laboratory data 

24 yr 

Challape 

in bones for 3 to 4 
days after end of 
period of exposure 

B positive, DP 
spirals 

B hb 9 25 Gm 

A 105th day of 
period of e po 
sure and B 11 
days after end of 
period 

179 

20 days at 

Pever, generalized 

Positive, cloudy 

B B C 1 340 000, 

Seen in hospital 

45 yr 

Huinco, ending 

aches and pains, 

growth, indefinite 

W B C 0,100, 

irregular moder 


45 days before 
date of present 
data 

marked In legs, night 
sweats, weakness, 
diarrhea and cplgas 
trie pain for 1 mo 

level, DP, spirals 

hb 4 75 Gm , 
hematoerit read 
Ing 14 

ately febrile 
course, with tern 
perature not over 
38 4 0 (101 IP) 


severe anemia B 
baciUiformls re 
ported in smear 
earlier in course 
of illness, Tvith 
crythroblasts 
and normoblasts 


Table 6 — Patients With Blood Cultuie 
With or Without a 

Pa 

Duration and 


tient 

Place of 

Clinical History, 

No . 

Residence in 

Signs and 

Age 

Endemic Region 

Symptoms 

138 

110 days Puente 

7 Pains In bones 1 

20 jr 

Quita Sombrero, 
Puente Carrldn 

mo after end of 
period of exposure 

00 

Native of 

No past history or 

21 yr 

Tauyos, 3 yr 
in Huinco 

actual symptoms 
of verruga 

195 

1 mo at Puente 

Miliary eruption on 

30 yr 

Carridn 1% yr 
prior to present 
data, at Puente 
Challape for 
brief period just 
prior to present 
data 

arms, legs and face 
for 1 yr ending 

6 mo prior to pres 
ent data, occa 
slonal pains in 
bones, chills and 
fever to present time 

7 

8 yr at Barba 

Eruption for 8 mo 

30 yr 

blanca, 10 mo 
at Autisha 

5 yr prior to present 
data 1 subcutane 


72 Ijr.Autisba 
SO yr 

127 Month of Deeem 
35 yr her 1939, Buente 
Challape, month 
of August 1911, 
Puente Challape, 
1 mo prior to 
present data, 
Puente Carrion 


ous nodule on lower 
leg with minimal 
miliary eruption 
no signs or symp 
toms at time of 
taUng data 
No past history of 
verruga, no actual 
signs or symptoms 
Blood cultures pos 
Itive 3 mo after 
soiourn at Puente 
Challape in August 
1941, slight eruption 
on arms and legs 
of short duration 
no signs or sjmp 
toms since 


Blood 

Cultures 


Agglutination 
'1 2 3 4 5 0 


Studies 
of the 
Blood 


Comment 


A positive, A 0 0 0 
sharp Irregular 
level, DP, spirals, 

B positive 


Positi\e, gran 
ular and 
cloudy level, 
DP, spirals 
Positive, 2 
cloudy levels, 
occasional 
large colony, 
DP, spirals 


Positive, 
DP, spirals 


0 0 0 


0 0 0 


A hb Laboratory 

10 5 Gm data A 105th 

day of period of 
exposure, B 1 
mo after end 
of period 

Hb 10 5 Reported as still 

Gm asymptomatic 2 

mo after pres 
ent data taken 

BBC 3,570,000 
hb OGm 


0 0 0 0 


Positive, coarse 
granular level, 
DP, no spirals 
A contami 
nated, B 
positive by DP 


333330 


0 0 0 
0 0 0 


BBC 3 300,000 
hb 7 25 Gm 


A hb 
9 9 Gm , 
B hb 
9 75 Gm 


Laboratory 
data A end of 
month of last 
period of evpo 
sure, B about 
Iwk after end 
of same period 
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Table 7 —PaUenis With Blood Culture Negative jor B Baalhjoimis and Positive Aggluti- 
nation Test, With 01 Without a Past Histoiy of Can ion’s Disease 


Patient 
No , 

Duration and 
Place of 
Residence in 

Clinical History, 

Signs and 

Agglutination 
Test 
/ * 

Studies of the 

Age 

Endemic Region 

Symptoms 

1 3 3 4 5 C 

Blood 

102 

25 yr 

3 yr , Santa 
Eulalia 

2 yr prior to present 
data, extensive miliary 
eruption present for 4 
mo preceded by 2 mo 
of constitutional symp 
toms and arthralgia, 
no signs or symptoms 
at present 

2 2 1 

Hb 10 25Gm 

08 

43 jr 

Native of 
Cnnta 

Verruga in childhood, 
with no details known, 
abdominal pain, ano 
rexia, vomiting, loss of 
weight and irregular 
catamenia for 18 mo 

2 0 0 

R B 0 2,000,000, 
hb 6 25 Gm , blood 
film quite sug- 
gestive of acute 
Oroya fever, no 
Bartonella 

05 

20 yr 

Native of 
Matucana, 

2 mo in Huinco 

Minimal eruption pre 
ceded by 8 days of fever 
at 6 yr of age, no signs 
or symptoms since 

2 110 

Hb 9 5 Gm 

132 

30 yr 

110 days, 
Puente 

Oh allape 

Vague febrile symp 
toms and pains in bones 
during last week of 
period of exposure, no 
past history of verruga 

3 10 

Hb 9 4 Gm 

134 
30 yr 

110 days, 
Puente Quita 
Sombrero, 
Puente Ohallape 

No past history, signs 
or symptoms of verruga 

332100 

R B 0 3,700,000, 
hb 7 5 Gm 

04 

40 yr 

1 yr , Huinco 

No past history, signs 
or symptoms of verruga 

3 2 10 

R B C 3,790,000, 
hb 9 Gm 


Comment 


Seen in hospital, symp 
toms other than those 
of verruga, no diag- 
nosis made urobilin in 
stool (3-)-), stool 
benzidine -t- 


Cultures contaminated, 
no gross evidence of 
growth of Bartonella 


Cultures contaminated, 
no gross evidence of 
growth of Bartonella 


Table 8 — Patients With Blood Culture Negative for B Bacillifonnis, Negative Agglutination 
Test, But With Actual Eniption, With oi Without Constitutional 
Symptoms of Canton’s Disease 


Patient 

Age, 

Duration and Place of Resi 


No 

Tr 

dence in Endemic Region 

Type and Duration of Disease 

C 

47 

4 mo , Autisha 

Sparsely scattered nodular eruption, 3 wk 

11 

39 

1 yr , Huar&z 

B bacilhformis reported in blood film 2 mo prior to appear 
ance of 1 nodule, no severe attendant illness 

17 

19 

8 mo , Huinco, Autisha 

Three subcutaneous nodules, 2 mo 

20 

31 

8 mo , Autisha 

Small subcutaneous nodules, right shin, 1 mo 

22 

38 

yr , Barbablanca, 
Autisha 

Miliary eruption, forearms and lower legs, 53 days 

23 

20 

9 mo , Autisha 

Subsiding miliary eruption, 54 days 

30 

31 

1 yr , Huinco, Autisha, 
Barbablanca 

Sparsely scattered nodules, with miliary eruption over both 
thighs, 2 mo 

35 

18 

7 mo , Autisha 

Three subcutaneous nodules, G mo 

38 

48 

11 mo , Autisha, Huinco 

One small red nodule, right wrist, 1 mo 

39 

50 

10 mo , Autisha 

Varied nodular eruption, face and legs 6 mo 

47 

19 

4 yr , Huinco, Autisha 

Sparsely scattered small nodules, 2 mo 

71 

28 

10 mo , Autisha 

Minimal miliary eruption, extremities, 4 days 

75 

34 

9 mo , Huinco, Autisha 

Several nodules, legs and arms, 2% mo 

93 

19 

1 yr , Huinco 

Three definite subcutaneous lesions, 2i^ mo 

90 

42 

8 mo Huinco 

Moderate number of nodules, arms and legs, 8 days 

97 

20 

3 mo , Huinco 

Moderate number of nodules, arms and legs, 20 days 

98 

37 

1 yr , Huinco 

One or two subcutaneous nodules with numerous small nodules 
on forearms and lower legs and miliary eruption on arms 
and legs, 4 mo 

114 

70 

13 yr , Santa Eulalia 
river valley 

Subsiding generalized varied nodular eruption, 7 mo 

145 

28 

Life, San Jleronimo 

Evanescent miliary eruption over entire body, 1 yr 

17G 

17 

137 days, Tornamesa, 
Surco, San Mateo 

Extensive generalized nodular eruption on arms and legs, 1 mo 

180 

27 

4 mo, Huinco, Autisha 

Two subcutaneous nodules with generalized miliary eruption on 
arms and legs, 2 mo 

187 

24 

Life, Canta 

Eruption 103 days 

185 

20 

1 mo ending 5 mo prior 
to present data, Tau 
yos 

3 mo ending 7 mo prior 
to present data, Surco 

Generally scattered subcutaneous nodules, 5 mo 

198 

22 

Tflundico and chills dunng 2d month of period of exposure, 
nodular eruption, 40 days 


Average 3 5 yr , mavimum 28 yr , minimum SO days 

165 


Table 9 — Patients With a Past Htsioiy of Catiton’s Disease, With Blood Culture Negative 
foi B Bacillifoinns and Negative Agglutination Test 



Duration of 

Time Elapsed Since 

Patient 

Besidence in 

'lermlnation of 

No 

Endemic Eegion 

Disease 


1 

21 days 

126 days 


13 

5 mo 

4 mo 


16 

7 jr 

5 yr 


18 

3 yr beginninfe 
Syr prior to 
present data 

6 yr 


21 

1 yr 

63 days 


24 

15 yr 

13 yr 


26 

2 %yr 

2 yr 


31 

6 yr 

6 yr 


34 

? 

14 yr 


40 

31 yr 

18 mo 


44 

4 yr 

3 yr 


46 

7yr 

6 yr 


48 

0 yr 

Since 1st attack 
Since 2d attack 
Since 3d attack 

12 yr 
5 yr 
lyr 

52 

7 yr 

11 yr 

63 

8 yr 

5 yr 


65 

6 yr 

6 yr 


66 

2 mo 38 yr prioi 
to present data, 
for 7 yr up to 
present 

38 yr 


69 

7yr 

5 yr 


78 

3 yr ending 

Since 1st attack 

8 yr 


5 yr prior to 

Since 2d attack 

7yr 


present data 

Since 3d attack 

5 yr 

63 

20 yr 

11 mo 


82 

4 yr ending 8 yr 
prior to present 
data 

10 yr 


84 

6 yr 

Since 1 st attack 
Since 2d attack 

5 vr 

4 yr 

86 

1 yr 

5 mo 


87 

8 yr 

7yr 



83 


89 

90 


92 

102 

103 

106 


107 

108 
109 

123 

124 

125 

126 
129 

143 

144 
147 


161 

152 

153 

154 


156 

157 

158 
161 
170 

in 

172 

173 
178 
201 

Average 

Maximum 

Miniinmn 


3 yr ending 4 yr 
prior to present 
data and for 1 yr 
up to present data 
10 yr 

1 yr ending 0 yr 
prior to present 
data and for 1 yr 
up to present data 


6 yr 


4 yr 
7 yr 


29 yr 

0 yr 


ISyr 

15 yr 


13 yr 

6 yr 


23 yr 

Since 1st attack 

18 yr 


Since 2d attack 

16 yr 


Since 3d attack 

13 yr 


Since 4th attack 

3 yr 


Since 5th attack 

4mo 

13 yr 

12 yr 


7 yr 

5 yr 


8 yr 

Syr 


2 yr 

2 yr 


28 yr 

8 yr 


2 yr 

2 yr 


1 yr 

8 mo 


2 yr 

9 mo 


29 yr 

9 yr 


36 yr 

4 yr 



20 yr ending 
20 yr prior to 
present data 

6 yr 
42 yr 

15 yr 

Imo 12 yr prior 
to present data 
and for 10 yr up 
to present data 

16 yr 
30 yr 
12 yr 

2 yr 

6 yr 

41 yr 

9 yr 

12 yr 
18 yr 

7 yr 
115yr 

42 yr 
21 days 


25 yr 


5 yr 
24 yr 
15 yr 
12 yr 


13 yr 
29 yr 
10 yr 
2 yr 

5 yr 
18 yr 

7 yr 
15 yr 
15 yr 
lyr 

6 9yr 
38 yr 
58 days 


'lype and Duration of Disease 

Positive blood culture on 13tli day of period of exposure 
subsequent cultures negative 
Positive blood culture, 1 vvk of evanescent eruption subse 
quent cultures negative 
Subcutaneous nodules, 2 mo 
L’ctcnsivo generalized eruption 0 mo 


Two subcutaneous nodules 15 dajs 
Generalized eruption, 3 to 4 mo 
Darge and small nodules, 2 mo 
Tlircc small nodules, short duration 
No details known 

Moderately extensive eruption, C mo 
Moderately extensive rash, limited to legs duration not 
known I 

Generalized eruption, duration not known 
All three eruptions mlllarj duration not exactly known, 
though each attack self limited 

One nodule duration uncertain 
Generalized miliary eruption, duration uncertain 
Allnimal eruption, duration uncertain 
Generalized and varied eruption for 1 yr 


Minimal eruption, C mo 

1 st attack extensive varied eruption, 8 mo 

2d attack similar to 1st, 4 mo 

3d attack subcutaneous nodules 

Miliary eruption over extremities 2 mo 

No details known 


let attack few subcutaneous nodules 2 mo 
2 d attack miliary eruption, duration uncertain 
Abundant miliary eruption, duration uncertain 
Varied miliary and subcutaneous eruption, duration uncer 
tain 

One subcutaneous nodule duration uncertain 


Varied eruption, 4 mo 

Varied extensive generalized eruption, 1 yr 


Miliary and varied nodular eruption, 2 mo 

Miliary eruption on extremities, 1 mo 

Miliary eruption on trunk and leg, 1 mo 

1 st attack severe generalized eruption, lit mo 

2 d attack small nodules on legs and arms 8 mo 

Jd attack 4 to 5 subcutaneous nodules, 6 mo 

4th attack miliary eruption 1 mo 

5th attack moderate number of nodules 6 mo 

Two to three eruptions on face and legs, each „ to 3 mo 

Miliary eruption, 8 mo 

About 20 large nodules on both arms, 1 yr 

Generalized miliary eruption, 3 mo 

Subcutaneous nodules, 15 days , 

Abundant varied eruption on legs and arms 2 % mo 

Small scattered nodules, 4 mo 

Extensive generalized eruption, 4 mo 

Moderately severe mlliarj eruption, 1 yr 

Scattered nodules, 1 mo 

Generalized miliary eruption, 3 to 4 mo 


Miliary eruption, 3 mo 
Varied generalized eruption, 1 mo 
Miliary eruption, 3 mo 
Generalized miliary eruption 3 mo 


Miliary eruption on legs and arms, 6 mo 
No details recalled „ , 

Miliary eruption on face, arms and legs 3 
Minimal eruption 6 mo 

Varied generalized eruption, 6 mo „ ^ 3 mo 
Minimal generalized miliary eruption, 2 0 
Two subcutaneous nodules 3 to 4 mo 
Minimal miliary eruption, 1 jr present data 

7Evnnesccnt miliary eruption for 2 yr Prit» 

Minimal eruption, duration uncertain 
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Table 10 — Patients Resident in Endemic Regions With No Past Histoiy oi Actual Evidence 
of Cat lion’s Disease, With Blood Cultiiic Negative for B BaciUijoi mis 
and Negative Agglutination Test 


Patient 

Duration of 
Residence in 

Patient 

Duration of 
Residence m 

Patient 

Duration of 
Residence in 

No 

Endemic Region 

No 

Endemic Region 

No 

I'ndemie Region 

2 

1 mo 

83 

IS yr 

140 

105 days 

4 

85 days 

32 

5 mo 

142 

1 mo 

0 

7 mo 

85 

22 yr 

146 

3 yr 

25 

33 yr 

91 

38 yr 

148 

50 yr 

27 

1 mo 

94 

6 yr 

149 

26 yr 

28 

2 yr 

95 

21 yr 

150 

27 yr 

33 

6 yr 

99 

1 yr 

155 

10 yr 

41 

13 mo 

lOi 

1 yr 

159 

7 mo 

42 

3 yr 

105 

20 yr 

160 

2 yr 

43 

30 yr 

no 

7 mo 

103 

4 mo 

49 

11 mo 

112 

6 mo 

164 

3 mo 

50 

5 mo 

113 

10 mo 

165 

3 mo 

57 

4 yr 

115 

32 yr 

106 

15 days 

58 

1 yr 

116 

SO yr 

167 

15 days 

60 

4% yr 

117 

24 yr 

169 

8 yr 

62 

1 yr 

119 

14 yr 

193 

3 mo 

67 

36 yr 

120 

15 yr 

199 

4 mo 

69 

5 mo 

130 

105 days 

202 

10 mo 

76 

3 mo 

133 

114 days 

203 

43 days 

79 

1 yr 

137 

47 days 

Maximum 

50 yr 

81 

39 yr 

139 

105 days 

Minimum 

15 days 
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COMPARATIVE VALUE OF DIGITALIS AND OF OUABAIN 
IN THE TREATMENT OF HEART FAILURE 

IGNACIO CHAVEZ, MD 

Professor of Medicine, University of Mexico, Physician in Charge of the 
Cardiologic Service, General Hospital 

MEXICO, MEXICO 

To the careful reader of the medical literatuie of the United States it is a matter 
of no small surprise to find so man}' articles dealing with the pharmacology and 
clinical applications of digitalis, as contrasted with the small number of papers 
published on the strophanthins and especially on ouabain 

This same silence or oblivion is noted as one visits clinics and hospitals Digitalis 
IS not only the favorite but practically the sole drug employed in the treatment 
of heart failure,^ whereas ouabain is looked on by specialists with disdain, and 
one might even add with distrust Ouabain is generally considered to be imperfectly 
studied as regards its physiologic effects, uncertain m its clinical applications and 
dangerous in its results At least, it is said that there is no reason for using ouabain 
when one has at hand such a sure agent as digitalis This viewpoint was recently 
upheld by Gold,® who affirmed that there are no convincing proofs that intravenously 
administered strophanthm gives results which cannot otherwise be obtained by 
digitalis correctly handled 

This mental attitude toward ouabain is in frank disagreement with that held 
in European and Spamsh-American countries, where the strophanthins, introduced 
into therapeutics by Fraenkel, and especially ouabain, recommended especially by 
Vaquez, are considered powerful weapons in the therapeutic arsenal against heart 
failure, for ouabain is as easy to manage and has been proved as safe as digitalis 
It has its exact indications and its own field of application, and when limited to this 
field IS capable of producing brilliant results, especially in those cases in which 
digitalis commonly gives poor ones or even fails completely 

A typical example of the European point of view is the following statement 
made by Vaquez ® 

There is hardly another drug which rests on so solid a basis as does ouabain, a well defined 
chemical product of known toxicity, the pharmacodynamic actions of whicli have been studied b> 
investigators of the greatest competence, of precise indications, administration and posology, 
all of which are the result of innumerable and concordant clinical observations Arnaud’s 
ouabain is the heroic remedy for acute or irreducible heart failure 

Similar statements have been made about strophanthm K (the product designated 
as strophanthm in the Pharmacopeia of the United States) by such authoritative 

1 Luten, D The Clinical Use of Digitalis, Springfield, 111 , Charles C Thomas, Publisher, 
1936 Levine, S A Clinical Heart Disease, Philadelphia, W B Saunders Company, 1936 
Leaman, W G , Jr Management of the Cardiac Patient, Philadelphia, J B Lippmcott 
Company, 1940 Fishberg, A M Heart Failure, ed 2, Philadelphia, Lea & Febiger, 1940, 
p 721 

2 Gold, H Recent Developments in Digitalis, Mod Concepts Cardiovasc Dis , 1942, 
vol 12, no 4 

3 Vaquez, H L’ouabaine d’Arnaud, Arch d mal du cceur 28 773, 1935 
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Geimaii clinicians as Romberg/ of Munich, and Edens,® of Dusseldorf, and about 
ouabain by such eminent pharmacologists as Schmiedeberg ° and Tiffeneau 

Such then are the two contrasting attitudes respecting ouabain, the one skeptical 
and the other enthusiastic It is my belief that on scientific grounds there is no 
leason why such a discrepancy should continue to exist A severe, critical study, 
both clinical and experimental, could rapidly and definitely confirm the excellence 
or the mediocrity of ouabain 

In Mexico and m the other Latm-American countries ouabain is employed 
regularly I myself have used it extensively for the last twenty years, and m this 
paper I will try to summarize the impiessions which as a clinician I have gatheied 
fiom the use of it and to present in biief synopses, and by means of comparative 
charts, the dififerent fields of application which I wish to review The ouabain that 
I have employed has been prepared by Arnaud’s method 

COMPARATIVE PHYSIOLOGIC ACTION 

Digitalis and ouabain have similai physiologic actions Both act fundamentally 
on the heart and only hmitedly on the blood vessels Both act partially through 
the vagus nerve and secondarily modify the circulation But if the actions of the 
two are comparable, it does not fohow that they are identical m every respect 
Some physiologic mechanisms are more influenced by digitalis, while others are 
more influenced by ouabain 

Digitalis, as is well known, has a complex action on the myocardium Certain 
functions are depressed, while others aie stimulated Digitalis depresses the 
activity of the auricular sinus, partly by direct action and partly by action of the 
v^agus nerve, which results in a decrease m the number of heart beats, and it also 
depresses aunculoventricular conduction, which brings about a certain degree of 
blocking of the impulses descending from the auricle On the other hand, it 
stimulates certain other functions of the heart 1 It increases the irritability of 
the muscle fiber 2 It increases its contractility, which is shown by the greater 
energy of the contraction 3 It produces an increase m the general tone of the 
organ, which brings about a decrease in the size of the dilated heart ® F rom the 
influence of these combined actions there results, as Peters and Visscher ® indicated 
a greater efficiency m the work of the heart, which m turn gives, as Edens 
pointed out, a better coronary blood supply 

Ouabain has these same physiologic actions but m varying degrees “ It 
depresses the automatism of the sinus and acts similarly on auriculoventi icular 
conduction but to a lesser extent than digitalis One frequently encounters a 
patient who has heart failure accompanied by tachycardia but who does not have 

4 Romberg, E Tratado de las enfermedades del corazon y de los vasos, Barcelona, 
Edit Labor, 1931 

5 Edens, E A B C de la medication digitalique. Pans, Pavct & Cie, 1938 

6 Schmiedeberg, cited by Rortiberg ^ 

7 Tiffeneau, M Etude pharmacologique et pharmacodynamique des glucosides strophan 
tiques. Bull d sc pharmacol 29 68, 1922 

8 In speaking of the tone of the heart, I do not ignore the fact that agreement regarding 
Its strict physiologic significance is far from being unanimous However, to us clinicians the 
tone of the heart has an objective reality, and its failure is shown b\ a dilatation cf the cham- 
bers, by reason of the deficit m the heart’s ability to resist distention 

9 Peters, H C , and Visscher, M B The Energj Metabolism of the Heart in Failure 
and the Influence of Drugs upon It, Am Heart J 11 273, 1936 

10 Edens, E Die Digitalisbehandlung, Berlin, Urban &; Schw arzenberg, 1934, p 446 

11 Hazard, R Les medicaments cardiovasculaires L’ouabaine, Pans, Centre de Docu- 
mentation Unnersitaire, 1928 
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arrhythmia (as may occur m hypertensive heart disease) and in whom under the 
influence of ouabain the cardiac failure is rapidly improved, but the tachycardia 
IS not entiiely corrected, rates higher than normal being maintained It is also 
an equally common occurrence that in cases of fibrillation bradycardia produced 
by ouabain is much less accentuated than that resulting from the use of digitalis, 
which has a greater capacity for blocking the conduction system It can, therefore, 
be stated that in those cases in which the action sought is depression of the con- 
duction path, ouabain is decidedly inferior to digitalis in results obtained 

In contrast to its limited depressor action just mentioned, ouabain has a markedly 
stimulating effect on other functions of the myocardium, that is, the fundamental 
action of ouabain is expressed not m terms of the functions which it depresses 
but rather in terms of the myocardial functions which it stimulates The con- 
tractility and the tone of the striated muscle fibers are considerably reenforced, 
which results m a distinct increase in the energy of systolic contraction and an 
appreciable reduction in the size of the heart These two effects of ouabain represent 
the dominant characteristics of its action, and both are notably superior to those 
obtained with digitalis 


OUABAIN DIGITALIS 



Fig 1 — Graphic representation of the differences in the action of ouabain (stimulation of 
myocardial functions) and digitalis (depression of functions of the neuromuscular fibers) 

Figure 1 permits one to appreciate these differences objectively Compared 
with ouabain, digitalis has a predominant action on tlie excitoconductor system, 
this is to saj'’, on the differentiated, or neuromuscular, fibers, the functions of 
which it depresses (chronotropism and conduction) Compared with digitalis, 
ouabain has a preponderant action on the striated, contractile fiber of the myo- 
cardium, the functions of which it stimulates (contractility and tonicity) 

These facts stand out with equal clarity in figure 2, in which one can appreciate 
the pronounced increase m the amplitude of the ventricular contractions of a 
frog’s heart, greater with ouabain than with digitalin, as well as the notably greater 
increase in tone when ouabain is given 

Figure 3 indicates the accentuated decrease m the size of a frog’s heart when 
it IS subjected to the action of ouabain, which is a reliable indication of a pro- 
nounced increase in tone Digitalis does not ordinarily produce such wi e 
variations 

Apart fiom their action on the heart itself, digitalis and ouabain have an incon- 
stant effect on the arteries and the blood pressure It is well known that though 
animals experimentally undergo an elevation in blood pressure, in human beings 
during periods of heart failure and under efficient but nontoxic dosage of these 
drugs no definite variations in blood pressure are noted In some cases it remains 
unchanged, in others it is slightly diminished, and in still others there is a 
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model ate elevation of systolic pressure, combined or not with a lowering of 
diastolic pressure It is generally accepted that in human beings nontoxic doses 
either of digitalis or of ouabain are not hypertensive and that when hypertension 
IS observed it is always model ate, is cardiac and not arteriolar in origin and 
IS restitutional in type, that is to say, it brings about a recuperation of the 
pressure rates, which had previously been lowered during the course of heart 
failure And as far as the restoration of blood pressure is concerned, ouabain 
ordinarily produces greater elevations than digitalis, since it has a more intensive 
action on the contractile energy of the heart, as has just been mentioned 

Figure 4 outlines the commonly observed action of ouabain in the course of 
hypertensive heait failure 

There are, furthermore, two fundamental differences between digitalis and 
ouabain 

1 Digitalis and its glucosides are administered preferably by the oral route 
Their absorption by way of the intestinal mucosa contributes toward their fixation 



Fig 2 — The effect of ouabain and digitalis on the amplitude of the ventricular contractions 
of a frog’s heart The isolated hearts of male frogs iveighing 40 Gm (A) and 35 Gm (B) 
were employed 



3 — The accentuated decrease in the size of a frog’s heart, a reliable indication of a 
pronounced increase in tone, when it is subjected to the action of ouabain The isolated heart 
of a male frog weighing 35 Gm was employed 


on the heart at a slow rate The action of digitalis begins to manifest itself one 
or two hours after administration, takes twenty-four hours to produce frank effects 
and requires foity-eight to seventy-two to reach its maximum 

Ouabain, on the othei hand, is largely hydiolyzed in the intestine, which renders 
uncertain its absorption by the oral route On the contrary, its complete solubility 
in water permits one to inject it intravenously with ease It requires only a few 
seconds to fix itself on the myocaidium, its therapeutic action is observed before 
five minutes, reaches its greatest intensity in one hour and in twenty-four hours 
has disappeared 

2 Digitalis IS an accumulative drug In order to insure complete impregna- 
tion of the myocardium and to obtain a maximum effect, a dose six to ten 
times greater than the amount of digitalis destroyed in one day must be admin- 
isteied When administration is discontinued the myocardium gradually uses 

12 Chavez, I La digitalina, Tesis recepcional, Umversidad Nacional, Mexico, 1920 
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up the drug received, which prolongs its effect for six, eight and ten days after 
the last dose, on the condition, of course, that it was in leality a useful dose 

Ouabain, on the contrary, does not accumulate The dose at which the myo- 
-cardium becomes saturated, that is, the one which affords the maximum effect, 
IS the same as the dose destroyed m one day When administration of the drug is 
discontinued its effects disappear in twentj-four to thirty-six hours Only after a 
long senes of injections (six to ten) can it barely be observed that the drug requires 
from forty-eight to seventy-two hours for its complete destruction 

In the other aspects of their use, digitalis and ouabain do not reveal any 
fundamental differences, except foi those which vary in degree, by reason of their 
inherent characteristics Consequently, they have the same generic action on heart 
failure, they produce the same changes on the ST segment and the T wave of 
the electrocai diogram , they have the same group of contraindications, and they 
produce identical signs of intoxication 

CLINICAL APPLICATIONS AND SCLCCTION OF THE SEPARATE FIELDS 
OF ACTION OF DIGITALIS AND OUABAIN 

On keeping m mind the similarities and differences which have just been indi- 
cated, the separation between the two fields of action of digitalis and ouabain 



S! Pr,» 

Fig 4 — The action of ouabain in the course of hvpertensive heart failure 

seems quite logical Let me express as comprehensively as possible the criteria 
which should guide one in the selection of cases 

1 Since ouabain has a rapid and intensive effect, its field comprises acute 
heart failure, or rather, the acute accidents of heart failure, paroxysmal nocturnal 
dyspnea, and attacks of acute pulmonary edema in persons suffering from failure 
of the left ventricle However, not only do these advanced clinical pictures fit 
into Its field of action, but their threatening stages as well, when it is legitimate to 
suppose that the effect of digitalis would not be exerted in time to dispel the danger 

2 Since digitalis acts preponderantly by inhibiting the auricular sinus and by 
blocking the auriculoventricular bundle, its ideal field of action is in congestive 
heart failure, with pronounced tachycardia and particularly with auricular fibrilla- 
tion Usually, digitalis is ideal for use in rheumatic heait disease and chronic 
valvular lesions m young persons In this field digitalis reigns supreme, and its 
results are spectacular 

13 Vaquez, H Medicaments et medications cardiaques, Pans, J B Bailliere et fils, 1925 

Laubry, C Maladies du coeur et des vaisseaux, Pans, Gaston Doin, 1930, ^ , 

14 Stroud, W D Diagnosis and Treatment of Cardiovascular Disease, Philadelphia, 
F A Davis Company, 1940 White, P D Heart Disease, ed 2 New York, The Macmillan 
Company, 1937 
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3 Not only in acute heart failure, but in chronic failure of the left side of the 
heart as well, with or without congestive manifestations (fibrillation is ustiall} 
lacking and tachycardia is moderate but enlargement of the heart, gallop rhythm, 
alternation of the pulse and a lowering of blood pressure are present), does ouabain 
assume first place This is the common meeting ground for persons suffering from 
failure of the left side of the heart, chronic coronary insufficiency, long established 
hypertension and complicated S3^phihtic aortitis Here it is that ouabain finds its 
greatest indications, strengthening systolic activity, diminishing diastolic dilatation, 
restitutionally increasing blood pressure and secondarily’- improving coronary circu- 
lation This does not imply that digitalis is impotent to better this clinical picture , 
I only wish to affirm that its results are inferior when there is neither tachycardia 
noi fibrillation to be corrected, since it has less reenforcing action on the con- 
tractile fiber 

4 Once heart failure is under control, whatever its type, and when a pro- 
longed sustaining treatment is to be maintained, digitalis is the drug of choice 
The facility of determining the daily dose, the ease of oral administration and the 
sustained constancy of its effects make it quite superior to ouabain m prolonged 
treatments The same can be said for prolonged sustaining tieatments in cases 
of auricular fibrillation when the object is to hold down the ventricle to moderate 
rates The supremacy held by digitalis here is indisputable 

There still remain other more limited fields of application, of which some can 
be reserved for digitalis and others for ouabain Suffice it for the purposes of 
this general view of the subject to summarize the four fundamental headings 
which have just been outlined by stating that digitalis is the ideal remedy in cases 
of congestive heart failure with tachy'-cardia, specially with auricular fibrillation, 
in those cases in which fibrillation is a permanent feature but in which heart failure 
IS not ostensibly present, and in unstable cases of heart failure in which prolonged 
sustaining cure is desired Ouabain, on the other hand, is the heroic remedy 
for the acute phenomena of failure of the left ventricle, as it is also the remedy’’ of 
choice for chronic failure of the left side of the heart in persons suffering from 
coronary arteriosclerosis, long established hypertension and aortitis 

In observ'^ing these fields more closely'-, one sees that the clinical pictures resented 
for digitalis are those which commonly’- develop in children and in adults, in 
persons with chronic valvular disease and in patients with rheumatic heart disease 
more than m any others, that ouabain will be more frequently used for treating 
patients in the second half of life, aged persons and, above all, persons with vascular 
disease, coronary arteriosclerosis, hypertension, syphilis and cardiorenal disease 

The fact that digitalis when employ^ed m the treatment of aged persons fre- 
quently gives poor results, at least ones not as satisfactory'- as those obtained in 
y'-oung persons, has already struck the attention of clinicians, and Wilhus^® has 
recently enlarged on this view The fact is certain, and the explanation is the one 
I have offered here Heait failure in aged persons, commonly*' vascular in origin, 
responds much better to ouabain than to digitalis 

It IS obvious, of course, that the fields of application of the two drugs are not 
always as clear as I have sketched them here In children there are certain 
types of heart failure, with considerable cardiomegaly and moderate tachycardia, 
in which ouabain can better act on a greatly dilated, but rhy-thmic ventricle, and 
there are certain patients wnth coronary disease and failure of the right and the 

IS Chavez, I El campo de manejo de la digital, Arch latino am de cardiol \ hemat 

10 101, 1940 

16. Wilhus, FA El uso racional de la digital, Arch latino am de cardiol j hemat 5 33, 
1935 
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left side of the heart, largely congestive in nature, and with auricular fibrillation, 
to whom digitalis can be more useful In other cases, the successive use of both 
drugs will be the rational treatment fii st, ouabain, in order to conect the more 
striking accidents of heart failure, and later, digitalis, to control tachycardia and 
fibrillation In this way, as Vaquez ^ and Edens ® have pointed out, the initial 
administration of ouabain often has a reactivating effect which permits digitalis 
to render its maximum of efficiency 

TECHNIC OF THE ADMINISTRATION OE OUABAIN 

I personally have used strophanthin K rarely I have howevei, been using 
ouabain (prepared by Arnaud’s method) extensively for the last twenty years, and 
all that has been said in this paper refers to it alone Of it I can say that when 
correctly handled, I have never seen in thousands of patients treated one single 
death which could be attributed to it It is known that the same cannot be said 
for strophanthin K 

But, as I have said, it is absolutely essential to handle ouabain correctly, and 
to that end it should be remembered that the margin of safety between the useful 
and the toxic dose is narrow, while with digitalis it is lather wide Successful 
treatment depends on remaining within the vicinity of the useful dose, rather than 
approaching the limits of the toxic dose More than 0 5 mg of ouabain per day 
should be considered a toxic dose, such as those recommended by Danielopolu and 
those employed by Wyckoff and Goldrmg Easily toxic as well is such a daily 
dose if it IS administered over a period of several days Vaquez® recommended 
two injections of 0 25 mg on the first day and a single injection on each of the two 
succeeding days, or a total of 1 mg in thiee days 

As for myself, I have been accustomed to give a dose of 0 25 mg per day 
for six days by the intravenous route exclusively This series of six doses can 
be shortened if the patient begins to show signs of intoleiance or can be lengthened 
to eight or ten, according to the benefit derived Only exceptionally have I had 
to pi escribe t^\o doses on a single day of the series 

As a general rule, one series of injections of ouabain is sufficient to control 
overwhelming heart failure Patients who suffei from long nights of insomnia 
and from the torment of dyspnea and crises of asthma, sleep like children once 
again after the first injection, or at most, aftei the second or the third one Patients 
who have resisted digitalis rapidly recover undei the action of ouabain Its effect 
on nocturnal dyspnea m patients with cardiac disease is comparable only to that 
of morphine 

Once the series of injections of ouabain has been concluded, one can, if it is 
deemed necessary, continue treatment with digitalis No interval of waiting is 
required, as ouabain is not a drug which tends to accumulate On the other hand, 
when one wishes to change from digitalis to ouabain, it is imperative to wait 
a few days, according to the dose of digitalis administered 

Ouabain can be given for months and even years, when required, without 
vaiiation in the dose needed or in the potency of its action In an aged, over- 
weight physician with coronary arteriosclerosis and massive heart failure in whom 
death seemed imminent and for whom therapy with digitalis had proved useless, 

I was able to sustain a cure with ouabain for two and a half years, with no greater 

17 Wyckoff, J, and Goldrmg, W Intravenous Injection of Ouabain in Man, Arch Int 
Med 39 488 (April) 1927 
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interruption then two days a w^eek During those two and a half }^ears the patient 
was able to carry on a subnormal life and even found it possible to resume moderately 
the practice of his profession 

SUMMARY AND CONCLUSIONS 

In the face of the divergence of opinion about the value of ouabain m the 
treatment of heart failure, the comparative actions of digitalis and of ouabain are 
outlined and the results of twenty years’ experience in the use of ouabain are set 
forth 

Digitalis and ouabain have similar, but not identical, action on the decom- 
pensated heart By way of comparison, digitalis exerts a more pronounced effect 
on the functions of sinus excitation and aunculoventricular conduction, which it 
depresses , ouabain, on the contrary, acts primarily on contractility and tonicity, 
which it stimulates 

Comparatively speaking, digitalis directs its chief effect on the differentiated, 
neuromuscular tissue of the heart , ouabain, on the undifferentiated, contractile fibers 
of the myocardium 

Digitalis, administered by the oral route, fixes itself slowly on the heart , ouabain, 
administered intravenously, acts wuth rapidity The maximum effect of digitalis is 
leached in two or three days, wdiereas that of ouabain is reached in one or two 
hours Digitalis accumulates , ouabain does not On discontinuing the drug, 
digitalis extends its effects over a period of several days, up to eight or ten , those 
of ouabain disappear in tw^enty-four to thirty-six hours 

The best fields foi the application of digitalis are congestive heart failure with 
tachycardia and specially wnth auricular fibrillation, fibrillation even in the absence 
of heart failure and long sustaining treatment of patients with slightly decom- 
pensated cardiac disease 

The best fields for the application of ouabain are the acute phenomena of 
failure of the left ventiicle and chronic failure of the left side of the heart in patients 
with vascular disease, such as coronary arteriosclerosis, hypei tension and syphilitic 
aortitis 

I recommend, as the best technic for the use of ouabain, one intravenous injec- 
tion daily of 0 25 mg in a series of six doses and more according to the tolerance 
of the individual patient and the clinical improvement obtained In thousands 
of patients treated over a period of twenty years I have not encountered a single 
case of death attributable to ouabain 
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INVOLVEMENT OF THE LIVER IN DISEASE 
OF THE GALLBLADDER 
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Although the clinical demonstration of hepatic damage in cholecystic disease 
IS of gieat importance in the medical and surgical management of disease of the 
biliary tract, there is little definite knowledge of this subject recoided in the 
hteratuie Studies of the incidence of hepatic involvement in disease of the gall- 
bladder have not been conclusive and haAe not claiified the relationship behveen 
the two diseases The purpose of this papei is to present new evidence of hepatic 
injury in disease of the gallbladder as detected by a simple laboratory method 

The presence of hepatic damage m disease of the gallbladdei has been explained 
in three ways One group of mvestigatois ^ have stated the belief that the gall- 
bladder IS the primary source of infection and that the liver is involved by direct 
extension Otheis have postulated that the liver acts as a bacterial filter of the 
body and is the chief souice of the infection, involving the gallbladder secondarily 
by way of the bile ducts and lymphatics - A third group of workers ® have main- 
tained that the pathologic changes m the liver and those in the gallbladder are 
completely independent of each other 

After Riedel^ in 1888 fiist demonstiated enlargement of the right lobe of the 
liver in cholecystitis, no critical work appeared until 1918. when Graham ® described 
the pathologic involvement of the liver in 30 patients with disease of the biliary 
tract Biopsy specimens taken at operation showed microscopic evidence of inflam- 
mation of the liver in 87 per cent of the patients with acute and subacute chole- 
c)’’stitis MacCarty and Jackson ® studied the livei histologically in 58 patients 
with acute, subacute and chronic cholecjstitis and demonstiated hepatic disease 
in 81 per cent They could find no apparent relationship between the severity of 
the hepatic disease and the degiee of inflammation of the gallbladder 

From the Department of Medicine, the University of Chicago 
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Bladder, J Indiana M A 20 293, 1927 
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Judd in 1921 observed hepatitis at autopsy with infections of the gallbladder 
and biliaiy tiact but never with peptic ulcer or appendicitis ^ In 1924, however, 
Heyd, AlacNeal and Killian,® investigating the incidence of hepatic disease in 
association with appendicitis and cholecystitis, found it as frequently with the 
former as with the lattei The degree of hepatic involvement was pioportional 
to the chronicity of the infection Mentzei ® in 1926 made detailed postmortem 
studies of 548 patients with disease of the gallbladder Sections for microscopic 
study were taken fiom the liver adjacent to the gallbladder and fiom the dome 
of the right and of the left lobe of the liver The liver almost always showed 
hepatitis adjacent to the gallbladdei, while sections taken fiom the left lobe were 
essentially normal even in patients with seveie cholecystitis and cholelithiasis 
Mentzer found that in 60 to 70 per cent of his patients theie was pathologic evi- 
dence of hepatitis at postmortem examination legardless of the presence or absence 
of cholecystic disease Noninflammatory lesions, including cholestei osis of the 
gallbladder, weie associated with hepatitis in 97 per cent 

Noble studied the liveis and gallbladders microscopically in 212 unselected 
autopsies All but 5 of the subjects showed inflammatory cellular infiltration of 
the hvei, although a large number had no evidence of disease of the gallbladder 
and none had clinical evidence of cholecystitis Colp, Doubilet and Gerber made 
an intensive study of the hvei in patients with acute and chronic cholecystitis, 
using special stains and taking specimens for biopsy deep m the parenchyma of 
the right and left lobes of the hvei They concluded that the periportal cellular 
infiltration observed m disease of the biliaiy tract is not specific and that there is 
no evidence that hepatitis is associated with cholecystic disease in the absence of 
jaundice They observed focal cellular degeneiation m the presence of jaundice 
and attiibuted these changes to bile stasis lather than to a pnmaiy disease of the 
gallbladdei 

Although the majority of wiiteis feel that there is a direct relationship between 
cholecystitis and hepatitis and that long-standing cholecystic disease leads to pro- 
gressive damage to the liver, the evidence cited indicates that there are conflicting 
opinions as to the significance of mild cellular changes in the livei and that micro- 
scopic studies alone may not demonstiate conclusively significant disease and 
abnormal function of the liver 

Because of the liver’s multiplicity of function and laige margin of reserve, the 
ideal laboiatoiy test for its functional capacity is difficult to achieve Tests of 
hepatic function in the past have not been sensitive enough to detect eaily involve- 
ment of the hvei m cholecystic disease or have been too complicated to permit 
collection of a large senes of cases The bromsulphalem test, for example, can- 
not be evaluated m the presence of jaundice, and consequently its value m the 
study of disease of the gallbladder is limited Of Cantarow’s series of 49 
patients with acute cholecystitis, 41 had a normal serum bilirubin content and only 

7 Tudd, E S Relation of the Liver and Pancreas to Infection of the Gallbladder, 
J A M A 77 197 (Julv 16) 1921 Judd, E S , Nickel, A C, and Wellbrock, W L A 
The Association of the Liver in Disease of the Biliary Tract, Surg, Gynec & Obst 54 : 
13, 1932 

8 Heyd, C S , MacNeal, W J , and Killian, T A Hepatitis, in Its Relation to Inflam- 
mator}’’ Diseases of the Abdomen, Am J Obst &: Gynec 7 413, 1924 

9 Nentzer, S H A Clinical and Pathological Study of Cholecystitis and Cholelithiasis, 
Surg, Gynec & Obst 42 782, 1926 

10 Colp, R , Doubilet, H , and Gerber, I E The Relation of Cholecystitis to Pathological 
Changes in the Liver, Ann Surg 102 202, 1935 

11 Cantarow, A Hepatic Function I Noncalculous and Calculous Cholecystitis, Arch 
Int Med 54 540 (Oct) 1934, The Van Den Bergh Reaction and the Bromsulphalem Test 
in the Estimation of Hepatic Functional Impairment, Am J AI Sc 184 228 1932 
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5, or 12 2 per cent, of these liad an abnormal bi oinsulphalein retention A similarly 
low incidence of hepatic involvement was found m 244 patients with chionic chole- 
cystitis without gallstones and m 88 patients with calculous cholecystitis whose 
serum bilirubin determinations were normal Abnormal bromsulphalem retention 
occurred m 32, or 13 per cent, of the first group and in 11, or 12 5 per cent, of the 
second 

Quick,^^ in his original application of the hippunc acid excretion test to 
human beings, performed the test on 6 patients with disease of the biliary tract 
and found the hvei noimal in 4 Kohlsteadt and Helmer’’’ found an abnormalh 
low excretion of hippunc acid in 11 of 21 patients The patients uith normal 
excretion of hippunc acid made an uneventful lecovery alter cholec} stectom\ , 
while those with impaired hepatic function had a tuibulent postoperative course 
or died of hepatic insufficiency, according to the degree of damage to the liver 
Pohle and Stewai t,^^ using the cephalin-cholesterol flocculation test, found 3 mildly 
positive leactions m 30 patients with chronic cholecystitis with or without gall- 
stones, while 8 of 11 patients with a stone in the common duct gave positive leac- 
tions Recently Mateei and co-workeis^® found impaired hepatic function m 
over 50 per cent of 67 patients with proved cholelithiasis b}”^ use of the intiavenous 
hippunc acid, the cephalin-cholesterol and the colloidal gold test 

The controversial evidence presented by pathologists and by investigators 
stud 3 ''ing hepatic function m cholecystic disease led us to make a further study 
of the incidence of hepatic involvement in disease of the gallbladder 

JIETHODS AND RESULTS 

The colloidal gold test of the seiiim foi hepatic disease^® seemed paiticularly 
suitable for this study because of its marked sensitivity and because it permits of 
a large number of studies The leaction was found positive by one of us m 
over 90 per cent of 96 patients with hepatic disease, and the unusual sensitivity of 
the test has been confirmed by Loew and Noth and by Mateei and co-workers,^® 
who found that the reaction was positive m 21 pei cent more patients than the 
leaction to the cephahii-cholesteiol flocculation test in a study of 124 patients 
with disease of the liver In some instances the colloidal gold test has indicated 
hepatic disease which was not demonstiable by othei laboiatory methods but was 
later confirmed by autopsy, biopsy or the consequent clinical course of the 
patient Sweet, Gray and Allen found it most sensitive in detecting hepatic 
involvement m hepatolenticular degeneration False positive reactions have 
occuned in less than 5 per cent of 400 noimal contiol patients whom we have 
studied 

12 Quick, A J The Synthesis of Hippunc Acid A New Test of Liver Function, Am 
J M Sc 185 630, 1933 

13 Kohlsteadt, K G, and Helmer, O M A Study of the Hippunc Acid Excretion as 
a Test of Hepatic Function, Am J Digest Dis & Nutrition 3 459, 1936 

14 Pohle, F J, and Stewart, J K The Cephalin-Cholesterol Flocculation Test as an 
Aid in the Diagnosis of Hepatic Disorders, J Chn Investigation 20 241, 1941 

15 Mateer, J G , Baltz, J I , Marion, D F , Hollands, R A , and Yagle, E M 
A Comparative Evaluation of the Newer Liver Function Tests, Am J Digest Dis 

\ Nutrition 9 13, 1942 

16 Gray, S J The Colloidal Gold Reiction of Blood Serum m Diseases of the Liver, 

Arch Int Med 65 524 (March) 1940 ^ , 

17 Loew, E R , and Noth, P Hepatic Dysfunction in Relation to the Reaction Retween 
Blood Serum and Colloidal Gold, Am J Physiol 133 P 364, 1941 
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The test requires only 0 1 cc of blood serum and is not affected by abnormal 
concenti ations of seium bilirubin or blood bpids Serum from patients with 
hepatic disease when properly diluted flocculates the colloidal gold solution, giving 
a syphilitic curve similar to that obtained with syphilitic spinal fluid We believe 
that the flocculation of the colloidal particles depends on qualitative changes within 
the globulin fractions of the blood 

The colloidal gold test was pei formed on 100 patients with disease of the gall- 
bladder confirmed by roentgenogiam or surgical intervention Ninety-seven of 
these patients had gallstones proved by one oi both of these methods There were 
92 women and 8 men, their ages varied between 20 and 70 yeais with an aver- 
age of 43 years A careful history was taken to determine the duiation of the 
disease, the degree and duration of jaundice, previous episodes of jaundice and 
other symptoms and the piesence of fever and chills Special inquiiy was made 
into such piedisposing factois to disease of the liver as the use of drugs (cmcho- 
phen, arsenicals, etc ) and pievious catarrhal jaundice, syphilis, alcoholism, vitamin 
deficiencies, etc 

The 100 patients with pioved disease of the gallbladdei were classified into 
four groups according, first, to the past or present history of jaundice (or an 
elevated serum bilirubin deteiniination) and, secondly, to the clinical evidence of 
infection of the gallbladdei, such as fever, chills or leukocytosis These four dis- 
tinct groups, comprised (1) patients having jaundice with infection, (2) those 
having jaundice without infection, (3) those having infection without jaundice 
and (4) those having quiescent disease of the gallbladder (no jaundice oi infec- 
tion) The term “infection” is used m the clinical sense, to denote a history of 
fever or chills at any time in the disease process or the presence of leukocytosis 
or fevei Care was taken to exclude patients with inadequate histones or insuf- 
ficient hospital studies The first two groups had stones in the common duct with 
jaundice and the last two giotips had stones in the cystic duct or within the gall- 
bladder The fourth group, classified as having quiescent disease of the gall- 
bladder, gave no histoiy of previous jaundice or chills and fever Determinations 
of the serum biliiubin were noimal, and there was no fevei or leukocytosis during 
an adequate peiiod of study Some of the patients comjilamed of vague abdominal 
distress, while others were asymptomatic, and the discovery of gallstones on 
loentgen examination was an incidental finding in many instances 

A positive reaction to the colloidal gold test, indicating hepatic disease, was 
found 111 46 of 100 patients with disease of the gallbladder (table 1) Theie were 
51 patients who weie jaundiced or presented clinical evidence of acute cholecystitis, 
1 e fevei and leukocytosis Evidence of disease of the liver was found in 55 
pel cent of these patients The incidence was highest in the patients with jaundice 
and infection Ten of the 17 patients (58 8 per cent) in this group gave a positive 
reaction to the colloidal gold test Jaundiced patients without clinical evidence 
of infection of the gallbladder showed a slightly lower incidence of damage to the 
hver 10 of the 19 patients (52 5 per cent) giving a positive reaction to the col- 
loidal gold test Patients with acute cholecystitis (fever, chills and leukocytosis) 
and no jaundice revealed the same incidence of hepatic involvement as those with 
jaundice and no clinical evidence of infection In this group 8 of the 15 patients 
(53 3 per cent) presented a positive leaction to the colloidal gold test 

The incidence of hepatic damage was definitely lower in the group of patients 
wnth quiescent disease of the gallbladder Only 18 of the 49 patients (36 7 per 
cent) in this group had hepatic invohement as determined by the colloidal gold 
test, in contrast to over 50 per cent in the groups w-ith jaundice or infection ^ 
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It IS evident that jaundice or infection of the gallbla-ddei or both are associ- 
ated with disease of the liver in a large numbei of patients Since the duration 
of the jaundice or infection and repeated exacerbations and recuriences of the dis- 
ease over a period of years might be important factors in producing hepatic dam- 
age, we studied the incidence of disease of the livei in relation to the duration of 
these symptoms Although a furthei subdivision of these studies results in a 

Table 1 — Incidence of Positive Reactions to the Colloidal Gold Test in Patients with 

Disease of the Gallbladdci 


B 


^ umber of 


Incidence of Positive Reaetions to 
Oolloidal Gold Test 


D 



Patients 

No 

% 

Jaundice with infection 

1 Duration of symptoms 

17 



(a) 1 to 7 days 

8 

3 

37 5 

(b) 5 weeks 

4 

2 

50 0 

( c) 2 or more months 

5 

5 

100 0 

Jaundice without infection 

1 Duration of symptoms 

19 



(a) 1 month 

4 

0 


(b) 1 to 6 years 

11 

7 

030 

(c) 5 to 10 years 

4 

3 

75 0 

Infection without Jaundice 

1 Duration of symptoms 

15 



(a) 1 yveck 

3 

1 

33 3 

(b) 1 to 2 months 

C 

3 

500 

(c ) 1 to 3 years 

0 

4 

00 0 

Quiescent disease of gallbladder (no fever or Jaundice) 

1 Duration of symptoms 

49 



(a) 0 months to 1 year 

18 

11 

01 1 

(b) 2 to 6 years 

10 

4 

25 0 

(c) 5 or more years 

15 

3 

20 0 

Total patients studied 

100 




No 

10 


10 


% 
68 8 


52 5 


8 533 


18 35 7 


40 46 0 


Table 2 — Bactciial Flota of the Gallbladder and Bile 


A Growth 
B coll 

Pneumococcus of tjpo III 
Str haemolyticus 
Str vlridans 
Staph ilbus 
Ps pyocyanea 
B tjphosus 
B welchil 
Diphtheroids 
B No bacterial growth 


5 

1 

2 

1 

1 

1 

1 

1 

1 


Incidence of Positive Reactions to 
Colloidal Gold Test 

Number of < — * „ 

Patients No % 

14 7 50 


8 


2 


25 


relatively small number of cases in each group, we feel that there is sufficient evi- 
dence to indicate that the duiation of disease of the biliary tract is an important 
factor in producing hepatic damage 

The incidence of disease of the liver increased with the duration of the symp- 
toms m the 17 patients with jaundice and infection of the gallbladder (table 1) 
Hepatic damage was demonstrable in 37 5 per cent of patients whose symptoms 
were of one week’s duration or less, in 50 per cent of patients with symptoms o 
five weeks’ duration and in 100 per cent of patients with jaundice and infection 
of more than two months’ duration 


Table 3 — Symptomatology, Bacteriology and Pathology of Disease of the Gallbladdei 


Patient 

Symptoms Duration 

Bacterial Flora 
of Gallbladder 
and Bile 

Pathologic 
Changes in 
Gallbladder 

Pathologic 
Clianges in 

Liver 

Reaction to 
Colloidal 
Gold 

1 A G 

Recurrent chills, 
foyer and 
jaundice 

6yr 

B coll, pneumo 
coccus of type 

III, Str haemo 
lyticus 

Extensive fibrous 
and round cell in 
filtration, chronic 
cholecystitis and 
cholelithiasis 

Cholangitis and 
biliary cirrhosis 
(autopsjO 

Strongly 

positive 

2 B V 

Recurrent chills, 
fever and jaun 
dice with colic 

10 yr 

B coll. Pseudo 
monas pyocya 
nea.Str virldans 

Round cell infiltra 
tion, erosions and 
hypertrophy, 
chronic cholecjs 
titis and chole 
lithiasis 

Penductal and in 
tralobular round 
celi infiltration, 
early fibrosis, 
fatty infiltration 

Strongly 

positive 

3 R B 

Chills, fever, 
jaundice, colic 
(mild diabetes 
mellltus and 
obesity) 

10 days 

B coll 

Gangrenous chole 
cystitis, chole 
lithiasis 

Marked fatty in 
filtration, mild 
lymphocytic infil 
tration, vacuola- 
tion of liver cells 

Positive 

■4 S P 

Recurrent colic 
chills and fever 
no history of 
jaundice 

10 mo 

No growth 

Acute cholecystitis, 
edema and thicken 
ing of gallbladder 
u all, hemorrhages, 
round cell infiltra 
tion and denuded 
mucosa, cholelithiasis 

Positive 

’) A B 

Recurrent colic 
no fever, chills 
or jaundice 

6 mo 

No growth 

Thickened muscu 
laris, round cell mill 
tration, cholelithiasis 

Positive 

C T M 

Recurrent colic 
fever, chills 
and jaundice 

6 yr 

Str haemolyti 
cus, Staph 
aureus, Str 
vlridans 

Chronic cholecjst- 
itis and cholelith 
lasis, cicatricial 
stenosis of com 
mon dust 

Biliary cirrhosis 
of liver 

Strongly 

positive 

7 B K 

A Colic, chills, 
fever and 
jaundice 

3 wk 

B coll Str 
viridans 

Minimal round cell 
Infiltration, small 
erosions, fibrosis of 
walls of gallbladder 
cholelithiasis 


Negative 


B Postoperative 
colic, jaundice 
and fever 

5 wk 

B coll 

Choledocholithiasis, 
dilatation of com 
mon duct 


Positive 

SCR 

Pain in right up 
per quadrant no 
jaundice, fever 
or chills 

10 yr 

No growth 

Minimal round cell 
infiltration and 
fibrosis, one stone 
in cystic duct of 
gallbladder 


Negative 

STS 

Recurrent fever 
and chills 

1 mo 


Empvcma of gall 
bladder and chole 
lithiasis 


Positive 

10 D S 

Recurrent colic, 
jaundice, fever 
and chills 

6 yr 


Cholelithiasis, 
large stone in com 
mon duct, dilated 
common and cystic 
ducts 

Nodules in liver 
suggesting biliary 
cholesterosis 
dilated hepatic 
ducts 

Positive 

HAG 

Recurrent colic 
no fever, chills 
or jaundice 

4 mo 


Cholelithiasis 
adenocarcinoma 
of gallbladder 

Adenocarcinoma 
of liver ad j acent 
to gallbladder 

Positive 

12 A M 

Recurrent opigas 
trie pain, no 
jaundice, fever 
or chills 

5 mo 

No growth 

Adenocarcinoma of 
gallbladder, chole 
lithiasis round 
cell infiltration 
and fibrosis 

No metastases 
to liver 

Negative 

13 O D 

Vague abdominal 10 yr 
distress, occasional 
pain In right 
upper quadrant 

No growth 

Minimal cellular 
infiltration, small 
mucosal erosions 
cholelithiasis 


Negative 

14 A K 

Vague abdominal 
distress 

20 yr 

No growth 

Minimal round cell 
infiltration, fibro 

SIS, cholelithiasis 


Negative 

15 B H 

Recurrent colic, 
no jaundice or 
fever 

9 mo 

Str viridans 

Marked round cell 
infiltration, hemor 
rhages, mucosal ero 
slons, cholelithiasis 


Positive 
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The same increase m the incidence of hepatic damage with time was noted m 
the 19 patients with jaundice but without clinical or laboratory evidence of infec- 
tion of the gallbladder (table 1) The patients with mteimittent jaundice of one 
month’s duration without concomitant evidence of infection of the gallbladder 
revealed no incidence of hepatic damage, mteimittent jaundice over a period of 
one to five years caused hepatic involvement m 63 per cent of the patients, while 
similai symptoms for five to ten years increased the incidence to 75 pei cent 

Repeated exacei bations of acute cholecystitis without jaundice increased the 
incidence of hepatic disease from 33 pei cent at the end of one week to 50 per 
cent at two months and 66 6 per cent at three years (table 1) 

Although 36 7 pel cent of the 49 patients with quiescent disease of the gall- 
bladder had a positive reaction to the colloidal gold test, the highest incidence of 
hepatic involvement occuiied in the patients with the shortest duration of symp- 
toms In contrast to the groups with jaundice or infection, these patients showed 
a deciease in the incidence of hepatic damage as the period of quiescent disease 
of the gallbladdet increased The reaction to the colloidal gold test was positive 
m 11 of the 18 patients (61 1 per cent) with a history of six to t\\elve months’ 
duration but indicated hepatic disease in only 4 of the 16 patients (25 per cent) 
whose history was of two to five yeais’ duration and in 3 of the 15 patients 
(20 per cent) whose history extended over five yeais 

There appears to be a correlation between the bacterial flora of the gallbladder, 
the pathologic changes in the gallbladdei and the incidence of disease of the liver 
as detected by the colloidal gold test (table 2) Ihe gallbladdei and bile of 22 
patients with disease of the gallbladder were cultured Growth was obtained in 
14 ot 22 instances This consisted of Bacillus coh, which was the most prevalent 
organism. Pneumococcus type III, Streptococcus haemolyticus, Streptococcus viri- 
dans, Staphylococcus albtis. Pseudomonas pyocyanea. Bacillus typhosus, Bacillus 
welchii and diphtheroids 

The reaction to the colloidal gold test was positive in 7 of the 14 patients (50 per 
cent) whose cultuies were positive, in contiast to 2 of the 8 patients (25 per cent) 
whose gallbladder or bile yielded no bacteria It is interesting to observe that the 
more virulent pathogenic organisms Avere isolated from the 7 patients Avith a 
positive reaction to the colloidal gold test Avhile such bacteria as Str viridans. 
Staph albus and diphtheroids were cultured fi om the biliary tracts of the 7 patients 
with no evidence of disease of the h\'er Moreover, the pathologic changes in the 
gallbladder, both gross and microscopic, weie more severe and extensive in the 
7 patients Avith both a positive reaction to the colloidal gold test and viiuleiit 
pathogenic organisms than in the 7 patients Avith a negative reaction to the colloidal 
gold test and less Auiulent bacteria (table 3) 

COMMENT 

The injurious effect on the liver of recurient jaundice and infection of the 
gallbladder is leadily demonstrable in table 1 ■ Although the incidence of a positive 
reaction to the colloidal gold test was highest in the group of patients with both 
jaundice and infection (58 8 per cent), hepatic damage was equally pievalent in 
the patients with jaundice alone (52 5 per cent) or Avith infection of the gallbladder 
without jaundice (53 3 per cent) The danger of delaying surgical intervention too 
long IS emphasized by the fact that the increase in the incidence of hepatic damage 
jAarallels the duration of the disease Repeated insults to the liver from recurrent 
jaundice, infection of the gallbladder oi both increased the incidence of disease 
of the liver to 75 per cent, 66 6 per cent and 100 per cent, respectively, as tie 
duration of the disease was prolonged 
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Jaundice and infection together appeal to cause hepatic damage more rapidly 
than jaundice or infection alone, a pionouiiced increase in the incidence of hepatic 
disease occuinng within a few weeks Severe infection within the gallbladder like- 
wise produces lapid hepatic damage, as seen in patient T S (table 3, patient 9), 
who complained of lecuiient chills and fevei of one month’s duiation The leaction 
to the colloidal gold test was positive, and empyema of the gallbladder with gall- 
stones was found at opeiation Foui similai instances of empyema of the gall- 
bladdei wei e observed The patients all showed a positive reaction to the colloidal 
gold test 

The incidence of hepatic damage was considerably lower (36 7 per cent) in the 
49 patients with gallstones and quiescent disease of the gallbladdei without jaundice 
or clinical evidence of infection of the gallbladder Although an infection of the 
gallbladdei is always present in patients with gallstones, the process in patients 
without clinical evidence of infection is milder, and the pathologic changes are much 
less maiked, than those obseived in patients who manifest such evidence of infection 
(fevei or leukocytosis) oi jaundice The highest incidence of disease of the liver 
(61 1 pel cent) occurs duiing the more acute stages of the disease m these patients 
The infection within the gallbladder then becomes quiescent and apparently mild, 
and as the period of inactivity increases the legenerative power of the livei is 
adequate to i educe the incidence of hepatic disease to about 20 per cent in the 
absence of any recun ent acute infection or jaundice 

The mild pathologic changes obseived chaiacteristically on micioscopic exam- 
ination of the gallbladders of patients with quiescent disease of the gallbladder of 
seveial yeais’ duration were illustiated in 3 patients with vague abdominal distress 
and pain in the right upper quadiant of ten to twenty years’ duration (table 3, 
patients 8, 13 and 14) Sterile ciiltuies of the bile and gallbladder and negative 
leactions to the colloidal gold test were obseived At operation gallstones were 
found and the liver appealed normal 

Recuirent distress of the gallbladder of short duration without jaundice, fever 
01 leukocytosis is associated with more acute changes within the gallbladdei and a 
highei incidence of hepatic disease An example of this was seen m patient L H 
(table 3, patient 15), who complained of recurrent mild colic of the gallbladder of 
nine months’ duration Theie was no evidence of jaundice, fever or leukocytosis 
Gallstones weie found at opeiation, and microscopic study of the gallbladder levealed 
an extensive lound cell infiltiation, hemoirhages and eiosions Sti viridans was 
cultmed fiom the bile, and the leaction to the colloidal gold test was positive 

Recnnent infection of the biliary tract and jaundice of sufficient duration may 
result in cinhosis of the hvei This was obseived in 3 patients (table 3, patients 
I, 2 and 6) with gallstones and lecuirent fever, chills and jaundice of six to ten 
yeais' duiation The reaction to the colloidal gold test was strongly positive in all 
3 patients, and micioscopic studies of the liver revealed an extensive biliary cirr- 
hosis in 2 (patients 1 and 6) and an eaily fibrosis with fatty infiltration in the third 
(patient 2) Seveie inflammatoiy changes were observed in the gallbladders of 
all 3 It is inteiestmg to obseive that Sir haemolyticus was cultuied from the 
gallbladders of 2 of the 3 patients and B cob, Ps pyocj'anea and Str viridans 
fiom that of the thud Othei oiganisms found were type III pneumococcus and 
Staph aureus 

The rapidity with which hepatic damage may be pioduced was demonstrated in 
a patient with mild diabetes (table 3, patient 3) who had colic of the gallbladder 
with jaundice and fevei for ten days The reaction to the colloidal gold test was 
positive ten dais after the onset of S 3 unptoms Two months later the gallbladder 
was remoied the reaction to the colloidal gold test had been positive rej^eatedlv 
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during these two months Gangienous cholecystitis was found at operation, and a 
biopsy of the liver levealed maiked fatty infiltration, lound cell infiltration and 
vacuolation of the liver cells 

Caicinoma of the gallbladdei is anothei complication of gallstones to be con- 
sidered in the management of disease of the gallbladdei Adenocarcinoma of the 
gallbladder was found m 2 patients (table 3, patients 11 and 12) with cholelithiasis, 
m 1 of whom (patient 11) the tumoi had invaded the liver The reaction to the 
colloidal gold test was positive in this patient and negative m the one in whom no 
metastases to the hvei were obsei\ed (patient 12) One patient with cholesterosis 
of the hvei (patient 10) also had a positive leaction to the colloidal gold test 

Ravdin,^“ Portis and otheis have empliasized the importance of evaluating 
hepatic insufficiency m the management of patients with disease of the gallbladdei 
The newer and moie sensitive methods of detecting earl}'- disease of the liver should 
piove an additional guide in the pieoperative and postopeiative care of patients with 
disease of the failiaiy tiact 

summary and conclusions 

The colloidal gold test of hepatic function vas pei formed on 100 patients vith 
proved disease of the gallbladder A positive leaction, indicating hepatic disease, 
was found in 46 pei cent 

The incidence of disease of the Iner was highest m the patients with jaundice 
and infection (58 8 per cent) and low'est in the patients wnth quiescent disease of 
the gallbladder (36 7 per cent) wdio piesented no history or evidence of fevei or 
jaundice 

The incidence of disease of the hvei increased with the duration of infection of 
the gallbladdei or jaundice but deci eased with time m the group wnth quiescent 
disease of the gallbladder 

A correlation was noted between the bacteiial flora of the gallbladder, the 
pathologic changes in the gallbladdei and the incidence of hepatic disease 

Cirihosis of the liver was found in 3 and carcinoma of the gallbladdei in 2 of 
the 100 patients studied 

The importance of detecting early hepatic damage in the management of disease 
of the gallbladder w'as discussed 

950 East Fifty-Ninth Street, Chicago 

19 Ravdin, I S Preoperative Preparation of Patients with Cholecystitis and Hepatic 
Insufficiency, S Clin North America 17 1753, 1937 

20 Portis, S A Should We Operate on All Our Cases of Gallbladder Disease , 
Radiol Rev & Mississippi Valley M J 60 90, 1937, Symposium on Medical Management of 
Gall-Bladder Disease, M Clin North America 23 I, 1939 
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A Study of the effects of thiamine on hypei metabolism induced by administi ation 
of desiccated thyioid gland was suggested by seveial obseivations We noted that 
the admmisti ation of desiccated thyroid to depressed psychotic patients was associ- 
ated with tachycaidia, restlessness and appiehension of a degiee which necessitated 
discontinuance of medication Other patients, howevei, who previously had been 
given thiamine hydiochloiide, toleiated the admmisti ation of desiccated thyroid 
well They weie less apprehensive and agitated, altliough the increase in the 
metabolic late and in the caidiac late were as gieat as in the pievious gioup of 
patients 

Administration of small doses of desiccated thyroid to patients with a low 
basal metabolic rate often is attended by rapid action of the heait and complaints 
of neivousness and digestive disturbances An increase in the basal metabolic 
rate could be accomplished m such patients with fewer complaints if adequate 
amounts of thiamine weie given prioi to the administration of desiccated thyroid 

In studies of induced deficiency of thiamine^ the basal metabolic lates weie 
found to be loweied in an iriegular manner after several months of lestnction of 
thiamine, they were lowered rarely when the depiivation of thiamine was severe 
and of shoit dui ation but moie fiequently when the depiivation was model ate 
and piolonged In some subjects anemia developed, and it was thought that this 
effect of thiamine depiivation might account foi the low metabolic rate How- 
evei, in othei subjects anemia did not develop during the period of thiamine 
restiiction, and m these the metabolic lates were equally low The ultimate cause 
of the deciease of the basal metabolic rate of every subject was deprivation of 
thiamine, but the mechanism through which the deficiency of thiamine operated 
to pioduce the low metabolic rate was not clear In every case admmisti ation 
of thiamine was associated with a return of the basal metabolic rate to normal, but 
the time of lecovery of individual subjects was variable, weeks oi months, even 
with vigoious treatment with thiamine, were sometimes requiied Recovery of 
the rate of metabolic exchange to normal indicated that this adverse effect of 
deprivation of thiamine on the organism was slowly reversible It generally is 
believed that a high rate of metabolism is associated with a high requirement for 

Dr Kendal! is from the Division of Biochemistry, the Majo Foundation 
1 Williams, R D , Alason, H L, and Smith, B F Induced Vitamin Bi Deficiency 
in Human Subjects, Proc Staff Meet, Majo dm 14 787-793 (Dec 13) 1939 Williams 
R D , Mason, H L , Wilder, R AI , and Smith, B F Observations on Induced Thiamine 
(Vitamin Bi) Deficiency in klan. Arch Int Med 66 785-799 (Oct ) 1940 Williams R D 
Mason, H L , Smith, B F, and V'llder, R M Induced Thiamine (Vitamin bI) Defi- 
ciencj and the Thiamine Requirement of Man Further Observations, ibid 69 721-738 (M I 
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thiamine and, conversely, a low rate of metabolism with a low requirement for 
thiamine Regardless of the mechanism involved, the lowering of the basal 
metabolic rate in thiamine deficiency would be protective and spare the tissue 
stores ol cocai boxylase In a study not yet leported, a low basal metabolic rate 
was not observed among 4 subjects who received 0 7 mg of riboflavin per day 
(0 35 mg per thousand caloiies) for two hundred and sixty-nme dajs 

it may be assumed that the initial decrease of the metabolic rate m thiamine 
deficiency is produced by suppression of secretorj^ activity of the thyroid gland 
or that the hormone of the thyroid is less effective m physiologic processes if 
theie IS a deficiency of thiamine The latter consideration would have a particu- 

Tablc 1 — Composition of Basal Diet 


Food 

State of Preparation Menu 1 , Gm 

Menu 2, Gra 

Menu 3, 

Bread 

Special recipe 

230 

230 

230 

Butter 

As purchased 

43 

45 

45 

Cream, 35 per cent 

As purchased 

73 

75 

75 

Beef, lean 

Roasted 

100 

100 

75 

Sucrose 

As purchased 

50 

50 

50 

Cake 

Special recipe 

50 

50 

50 

Potato, Irish 

Roasted 

75 

75 

100 

Rice, polished, dry 

Boiled 

25 

25 

25 

Flour 

Plain white 

10 

10 

10 

Jellj 

As purchased 

20 

20 

20 

Pufisd rice 

Commercial (unfortiiled) 

13 



Carrots 

Canned 

73 



Lettuce 

Fresh 

SO 



Pineapple 

Canned 

so 

80 


Gelatin, 20 per cent solution 

Special recipe 

100 


100 

Tomato 

Canned 

73 



Apricots, dried, sulfured 

Cooked 

SO 



Farina, drj 

Cooked 


15 

15 

‘Vpple sauce 

Cooked 


100 

100 

Lemon juice 

Fresh 


20 

20 

Celery 

Fresh 


SO 

30 

Corn 

Canned 


30 


Cottage cheese 

Washed, skimmed 


S5 

S3 

Beets 

Canned 



50 

Composition of standard diet f 





Carbohjdrate 



327 Gm 


Protein ' 



67 Gm 


Fat 



75 Gm 


Calories 



2,200 


Thiamine 



0 43 to 0 4S mg 


* Each menu was repeated every third day Vitamin supplements were given as described in the te\t 
t The content of carbohjdrate, protein and fat was calculated from the data of 
(Chatfleld, O , and Adams, G Proximate Composition of American Pood Materials, no 5-19, Unitea a at 
Department of Agriculture, June, 1940) The content of thiamine nas determined by the thlochrome metnou 
of Hennessy = 


lar bearing if the thyroid hormone affects primarily the mobilization of materials 
for oxidation and other enzyme systems have the role of oxidation of the mobilized 
intermediaiy metabolites 

In the study herewith reported, the influence of any deciease of activit)- of the 
thyioid gland during the restriction of thiamine was obviated by admmistrabon o 
desiccated thyroid at a level somewhat higher than the normal requirement T lere- 
fore, we were able to study the effectiveness of the thyroid hormone in mam 
taming the metabolic rate during deprivation of thiamine Volunteer subjects 
were used 

METHODS or STUDY 

The subjects were studied m the nutrition division and were provided with an ample die 
and supplements of 2 mg of thiamine hydrochloride, 2 mg of riboflavin, 4 mg o 
hydrochloride, 10 mg of calcium pantothenate, 40 mg of nicotinic acid amide, nig 
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ascorbic acid and 0 2 Gm of halibut luer oil fortified with irradiated ergosterol (providing 
10,000 U S P units of vitamin A and 4,000 U S P units of vitamin D) per day for 
thirty davs to assure a good nutritional status During the period of preliminary observa- 
tion the subjects vere accustomed to procedures and routines and, especially tests of the 
basal metabolism After the period of preliminary observation 2 women (subject 1, aged 47, 
172 cm tall, subject 2, aged 25, 158 cm tall) were selected for further study These did 
not ha\e anj signs of nutritional disease or ph 3 ’’sical defects and were able and willing to 
cooperate 

The diet, gnen in table 1, was constructed of foods which commonly appear on American 
tables and contained 0 22 mg of thiamine per thousand calories This diet was used through 
the entire period of study It was analj'zed for content of thiamine by the thiochrome methoil 
of Hennessy2 The caloric intake w'as adjusted to the requirement of the subject by gning 
fractions or multiples of the standard ser\ mgs of the basal diet Thus the ratio of thiamine 
to calories was maintained nearlj constant 

In the period of study (Oct 5, 1941 to June 1, 1942) the diet W'as supplemented per day 
v\ith 4 mg of nbofiaMn, 8 mg of pjndoxine hydrochloride, 20 mg of calcium pantothenate, 
80 mg of nicotinic acid amide, 160 mg of ascorbic acid, 04 Gm of halibut liver oil fortified 
v\ith irradiated ergosterol (providing 20,000 U S P units of Mtamin A and 8,000 U S P 
units of Mtamin D), 0 25 Gm of choline chloride, 0 2 Gm of ferrous sulfate, 0 6 Gm of 
tribasic calcium phosphate and 5 minims (0 3 cc ) of compound solution of iodine U S P The 
diet was supplemented w'lth thiamine hjdrochlonde only in the first two and last two periods of 
stud}, in the amounts indicated in tables 2 and 3 In the third period deprivation of thiamine 
represented, so far as could be judged, the only dietary restriction 

In the period of preliminary observation, at intervals during the period of restriction of 
thiamine and again during the subsequent periods of administration of thiamine, determina- 
tions of the basal metabolic rate, determinations of the calcium, phosphorus and proteins in 
the serum, determinations of the lipids in the plasma, electrocardiograms, and blood counts 
were made The pyruvic acid,^ lactic acid ^ and dextrose ^ in the blood were determined 
when the subject w’as at rest in bed and after administration of dextrose orally and intra- 
venously Both oral and intravenous tests for dextrose tolerance were performed with the 
subject in the postabsorptive state and at rest in bed For the oral test 50 Gm of dextiose 
In 250 cc of solution was given and repeated thirty minutes later (Exton-Rose dextrose 
tolerance test®) Samples of blood were taken for analysis just before administration of 
the first dose of dextrose and again at thirty, sixty and ninety minutes after administration 
of this dose The values at sixty and ninety minutes are the most significant Data on 
the determinations at sixty minutes are contained in tables 2 and 3 For the intravenous 
test 0 4 Gm of dextrose (0 8 cc of a 50 per cent solution of dextrose) per kilogram of 
■body weight was administered in three minutes The concentrations of pyruvic acid, lactic 
acid and dextrose in the blood were determined before administration of dextrose and at thirty, 
sixty and one hundred and twenty minutes after injection The values at thirty minutes are 
the most significant The results of the intravenous test were comparable to those of the 
oral test and are not included m the presentation of data Data on the pyruvic acid, lactic 
acid and dextrose in the blood after administration of dextrose, dextrose plus insulin and 
insulin alone are contained in table 4 

An exercise test was standardized for each subject It consisted of a unit of work completed 
in exactly two minutes Samples of blood for analysis of the content of pyruvic acid and 
lactic acid were taken just before exercise, the subject being at rest in bed and in the post- 
absorptive state, and at five, thirty and sixty minutes after conclusion of the exercise The 
results are contained in table 5 


2 Hennessy, D J Chemical Method for Determination of Vitamin Bi Indust & Enmn 
Chem (Analyt Ed) 13 216-218 (April 15) 1941 

3 Bueding, E, and Wortis, H The Stabilization and Determination of Pvruvir And 
in the Blood, J Biol Chem 133 585-591 (April) 1940 

4 Barker, S B , and Summerson, W H The Colorimetric Determination of Lactic 
Acid in Biological Material, J Biol Chem 138 535-554 (April) 1941 


Direct Microtitration Alethod for Blood 


5 Miller, B F , and Van Slyke, D u 
Sugar, J Biol Chem 114 583-595 (July) 1936 

6 Exton, W G , and Rose, A R The One-Hour Two-Dose Dextrose Tolerance Te.t 

Am J Chn Path 4 381-399 (Sept) 1934 -Loierance lest. 
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* Sixty minutes after the first dose of dextrose given orally 
t One milligram of thiamine hydrochloride given subcutaneously 
f Fiye tenths gram of desiccated thyroid per day 
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Physical and neurologic examinations were made net less frequently than once each month 
The urine was analyzed periodically for content of thiamine bv the method of Hennessy2 
Determinations of the twenty-four hour excretion served as a check on the intake of thiamine 
At the end of the period of restriction of thiamine 1 mg of thiamine hydrochloride was 

given subcutaneously and the excretion determined for the ensuing four hours, the subject 

being maintained in the postabsorptue state The excretion of the test dose of thiamine 
indicated in some measure the stores of thiamine in the tissues The value of the test dose 
procedure for estimation of these stores has been discussed in another paper, ^ and additional 
data weie provided by a study, not jet leported, on the thiamine requirements of man 
It suflices to state here that an excretion ot 200 micrograms or more within four hours 

after administration of 1 mg of thiamine indicates satisfactory stores of thiamine and that 

an excietion of less than 100 micrograms indicates a considerable depletion of these stores 
Basal metabolic rates were determined with a specially constructed Benedict-Roth type 
apparatus The rate was determined for two ten minute periods on the day of the test 
The large capacity of the oxygen reservoir of the machine, an excursion of 1 cm of the 
drum representing 503 7 cc of oxygen, made for accuracy in the determination of the slopes 
•of the curves For comenience of presentation the basal metabolic rates in terms of calories 


Table 4 — A Compauson of the Concentrations of Pyntvtc Acid, Lactic Acid and Dextrose 
m the Blood of Subject 1 Aftci Administration of Dextrose, Dextrose and 
Insulin 0 ) Insulin Alone (Picltmtnary Period) with Those Aftei 
Administration of Thyroid and Thiamine * 


Procedure 

(Administration) 


Time of Analysis of Blood 

Excretion / ^ , 

of Minutes After •tdniinlstratlon of Insulin f 

Thiamine Basal 0 15 15 73 105 0 15 1 3 75 103 0 15 io 75 10» 

in 4 Hrs Jlctabolic Minutes After Administration of Dextrose f 

Vfter Rate on x 0 30 GO 80 \ 0 30 GO 90 x 0 30 GO 90 

Test Dose, Daj Pyruiic \cid, Lactic Acid, Dextrose, 

Micro of Test, Mg per 100 Cc Me per 100 Cc Mg per 100 Ce 

grams per Cent , — • — , , * , , * , 

Before Administration of Tlijroid 


Dextrose 


—10 


1 I 

12 

Dextrose plus insulin 

440 

— 9 

1 1 

1 3 

IS 

Insulin 


— 8 

I I 

I 3 

17 

Dextrose 


+21 


1 1 

18 

Dextrose plus insulin 

437 

+23 

1 2 

1 3 

24 

Insulin 


+23 

1 3 

1 9 

27 


16 15 8 2 11 G 14 9 13 

19 23 3 3 0 8 10 2 14 8 18 C 09 103 82 89 Os 

20 2 2 24 00 Oi ISO 172 m 02 SS 49 50 
After Administration of Thjroid 

2 3 2 0 0 S 14 2 22 C 27 4 9S 140 178 118 

2 4 2 1 0 0 9 8 22 2 22 5 17 8 92 74 CO 83 102 

2 8 2 8 7 0 15 4 20 C 34 2 33 5 89 01 41 44 47 


* The intake of desiccated thyroid vas 0 0 Gm per day , tlie intake of thiamine hydrochloride ivas 4 500 
micrograms per day at the t me of tlie test in both periods 

t Insulin Ivas given intrayenously , in the insulin dextrose test 40 units of regular insulin vas given fifteen 
minutes before the first dose of dextrose Dextrose i\as given orally, 60 Gm at zero time and another 
50 Gm thirty minutes later 


per square meter of body surface liave been converted into percentage of normal by the 
standards of Boothbv and Berkson (1935) ® 

The basal pulse rate for a period of two minutes and the basal blood pressure xvere 
•determined before the subject arose each morning and were checked by a second observer 

Continuous! / throughout the period of administration of thvroid U S P , 06 Gm 
(10 grains) per day was given to subject 1 and 0 5 Gm (8 grains) to subject 2 Tie 

preparation was made up into uncoated tablets xvhiUi contained 0 06 Gm of desiccated tlYroid 
per tablet The daily dose was divided into two equal portions, and one portion xvas admin- 
istered after each of two of the meals of ♦he day Frequent examination of the feces reveale 
no undigested tablets Diarrhea yvas never observed, and disturbance of gastrointestina 
motility was not detected in periodic estimations of the motility rate by roentgen exarnination 
after a meal of barium sulfate The conditions of the study were strictly maintained 


7 Mason, H L, and Williams, R D The Urinary Excretion of Thiamine as ai 
Index of the Nutritional Level Assessment of the Value of a Test Dose, J Clin Inves iga 
tion 21 247-255 (March) 1942 

8 Boothby, W M , Berkson, J , and Dunn, H L Studies on the Energy of Metalw- 
lism of Normal Individuals A Standard for Basal Metabolism, with a Nomogram or 
Clinical Application, Am J Physiol 116 468-484 (July) 1936 
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OBSERVATIONS IN VARIOUS PERIODS OF THE STUDY 

Peuod of Adimmsh ation of TJmmine {Piehimnaiy Peuod) — In this period 
the first of the series of peiiochc examinations was made Data on the pyruvic 
acid, lactic acid and dextrose in the blood after administration of dextrose are 
contained in tables 2, 3 and 5 The data of this peuod are typical of those fiom 
studies of many othei subjects, and theiefore they serve as “normal” data for 
lefeience in subsequent determinations 

Pcnod of Adnumsti atjon of Desiccated Thyioid and Thiamine — ^This period, 
of twenty-two days, began October 5 and ended October 26 Administration of 
the relatively large doses of desiccated thyroid was associated wuth an increase 
of the basal metabolic and the cardiac rate and some degree of hyperactivity, but 
there weie no subjective symptoms wdiich caused complaints The concenti ations 
of pyruvic acid and lactic acid in the blood w^ere normal when the subject was at 
lest in bed However, they w'ere abnormally high after exercise and after adminis- 
tiation of dextrose Data on pyruvic acid and lactic acid are contained in tables 2, 
3 and 4 Electi ocardiographic abnormalities other than sinus tachycardia and 
arrhythmia iveie not obsen^ed The basal metabolic rates at the end of the period 
w'ere approximately -|- 20 per cent 

Peuod of Adnumst) ation of Desiccated Thyioid and Restiictwn of rjiiamine — 
This period, of one hundred and thirty -six days, began Oct 27, 1941 and ended 
March 11, 1942 Discontinuance of the admmisti ation of thiamine Itydrochloiide 
was associated with anorexia, fatigue and nervousness for a few days, but read- 
justment occuried to the low'ei intake of thiamine, for complaints w’ere not again 
voiced until about the seventieth day Both subjects then complained of loss of 
appetite, fatigue, nervousness, numbness and tingling of the feet and legs and 
aching of the muscles of the calves There was some decrease of ability to rise 
from the squatting position or to mount a chair The achilles tendon and patellar 
reflexes w^eie moderately hyperactive Defects of the sensory nerve pathw'ays were 
not observed The cardiac rate w'as not rapid (70 to 90 beats per minute) when 
the subjects had been at rest in bed, but it w'^as rapid (100 to 130 beats per minute) 
wdien there had been even moderate exeition In thiamine deficiency, bradycardia 
during rest in bed and tachycai dia after exertion have been regularly observed 
The blood pressure was someivhat aflected, the diastolic pressure tended to fall 
more than the systolic The heart sounds w'eie fainter, and the pulse at the wwist 
was weaker than it had been at previous examinations The chief features in the 
electrocardiograms were evidence of sinus tachycardia and arrhythmia wuth some 
decrease in the amplitude of all complexes The basal metabolic rates were 
decreased irregularly at levels as low as — 7 to -1-11 pei cent 

After one hundred and thirty-six days of restriction of thiamine, anoiexia, 
wfeakness and soreness of the muscles of the legs were outstanding complaints 
Nausea was becoming more frequent , maintenance of intake of food and of activity 
lequired vigorous persuasion Weakness of the muscles of the calves of the legs 
made it extremety difficult for subject 1 to rise from the squatting position or to 
mount a chair, and subject 2 could not rise from the squatting position The 
achilles tendon and patellar reflexes of subject 1 had disappeared, and, while t e 
right patellar reflex of subject 2 could be obtained, the left patellar and ot 
achilles tendon reflexes were absent Acuity of perception of stimuli, sue as 
the touch of a cotton wisp, a pm prick and application of warm and cool tu es 
to the thighs and legs, did not appear impaired, although subject 1 occasiona y 
lesponded inaccurately A definite defect in the sense of position of joints or 
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of perception of vibrations of the tuning foik (128 vibiations per second) was not 
obseived The plantai leflexes (Babinski) weie not obtained In a study not 
yet reported severe neuiologic defects were caused by isolated deficiency of 
thiamine 

The systolic blood pressure of subject 2 had inci eased and that of subject 1 
deci eased The diastolic piessure was approximately 50 mm of mercuiy The 
pulse had a slapping quality at the wrist which was out of piopoition to the 
pulse piessuie obseived The electrocardiogi am of subject 1 revealed a sinus 
tachycardia, slurring of the QRS complex m leads II and III, a tendency to left 
axis deviation, inversion of the T wave in lead III and mveision of the P wave m 
lead III The T wave of lead IV R was positive, m lead CRg the T wave was 
diphasic and the R wave diminished The outstanding featuies of the electro- 
cardiograms of subject 2 were sinus arrhythmia, slurring of the QRS complex in 
lead II and notching of the QRS complex in lead III In lead III both the 
T wave and the P wave were diphasic In lead IV R the T wave was positive, 
the Q wave small and the ST segment elevated In lead CR 2 the T wave was 
positive 

The basal metabolic late of each subject after one hundred and thirty-six days 
of restriction of thiamine and administration of desiccated thyroid was somewhat 
higher than it had been on the seventy-fourth day The concentiations of pyruvic 
acid and lactic acid m the serum after administration of dextrose were consideiably 
increased above the initial value, which indicated that the high values for pyiuvic 
acid incident to a deficiency of thiamine were superimposed on alieady high values 
incident to the administration of desiccated thyroid 

The piogressive natuie of the neurologic defects and the other signs and symp- 
toms of a deficiency of thiamine necessitated discontinuance of its restriction, and 
therefore thiamine was administered in increasing amounts beginning Maich 12, 
1942 

Period of Adimmsh ation of Tliyioid and of Inci easing Amounts of Thiaimne — 
Beginning Maich 12, 1942, thiamine hydrochloi ide was provided in increasing 
amounts so that data might be obtained on the requirement for thiamine in condi- 
tions of induced hypermetabolism The initial supplement of thiamine hydro- 
chloride was 300 micrograms per day The daily dose was increased by 300 
micrograms approximately every two weeks A satisfactory excretion of thiamine 
(more than 200 micrograms per twenty-four hours or more than 200 micrograms 
per four hours after administration of 1 mg of thiamine hydrochloride sub- 
cutaneously) was not obtained until the intake of thiamine hydrochloride was about 
0 6 mg per thousand calories This represents a somewhat higher minimal intake 
than was required by subjects with normal basal metabolic rates (0 45 mg per 
thousand calories) The minimal intake of 0 6 mg per thousand calories cannot 
be set with certainty because the subjects began the period of increasing intake of 
thiamine with depleted stores of thiamine and because the only objective criterion 
for adequacy of intake was excretion of thiamine, other criteria which we have 
used to assess the status of thiamine nutrition were not applicable in the state of 
induced hypermetabolism These data might tentatively be interpreted, however, 
as evidence that the rate of metabolic exchange as well as the total exchange of 
energy or materials influences the requirement for thiamine 

When the larger doses of thiamine hydrochloride (more than 0 6 mg per 
thousand calories) were administered, the basal metabolic rate rose to levels 
of -{- 21 to -j- 28 per cent for subject 1 and of -f 28 to 34 per cent for sub- 
ject 2 The levels of pyruvic acid and lactic acid in the blood after administration 
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of dextrose fell only slightly in this entire peiiod, and after exercise these levels 
weie even higher than during the period of deficiency of thiamine (table 5) 

Treatment with small doses of thiamine produced numerous complaints of 
anorexia, weakness and nervousness Although the intake of food was approxi- 
mately the same as in previous peiiods, the subjects lost weight rapidly Further 
loss of weight was prevented for subject 2 and a gam secured for subject 1 when 
the intake of thiamine hydrochloride was raised to about 19 5 mg per day It 
is assumed that the sharp rise m the metabolic rate incident to administiation 
of thiamine caused the complaints and loss of weight, an apparent paradoxic 
response to treatment 

Appetite and strength lapidly returned wlien the larger doses of thiamine were 
administered Neuiologic defects incident to deprivation of thiamine disappeared 
gradually from subject 2, but the achilles tendon reflexes of subject 1 were absent 
even after one hundred and twenty days of treatment 

Peuod of Admimsb ation of Thtaimne Withotd Admmisbakon of Desiccated 
Thyioid — When thyroid medication was discontinued, the basal metabolic rates 
fell to normal levels within two weeks Normal values for pyruvic acid and 
lactic acid in the blood after administiation of dextrose were obtained, this fact 
indicating that the abnormal values encountered during the period of adminis- 
tration of desiccated thyroid and thiamine were caused by an increased rate of 
metabolism and not by a deficiency of thiamine 

COMMENT 

The data in tables 2 and 3 on the basal metabolic rates indicate that these ivere 
initially increased by administration of desiccated thyroid The rates, which 
decreased irregularly during deprivation of thiamine, rose to consistently high 
levels when thiamine hydiochlonde was again provided, no other change having 
been made m the regimen These data seem to indicate that the thyroid hormone 
is less effective for the maintenance of metabolic processes during thiamine defi- 
ciency In drawing this conclusion we assumed, however, that (1) administration 
of desiccated thyroid at a level somewhat higher than the normal requirement 
for the thyroid hormone i educes the activity of the thyroid gland to a minimum, 
and, therefoie, a further reduction of secretory activity of the thyroid gland is 
not caused by the deficiency of thiamine, and (2) absorption of desiccated thyroid 
gland is not impaired during depiivation of thiamine Evidence for or against 
the validity of these assumptions was not obtained 

The data provide additional evidence that the function of the thyroid hormone 
IS primarily to mobilize metabolites for oxidation by enzyme systems of the 
organism 

The values for pyruvic acid and lactic acid m the blood after administration 
of dextrose (contained m tables 2, 3 and 4) indicate that the levels of these 
substances in the blood, and presumably in the tissues, were elevated during 
hypermetabolic activity induced by administiation of desiccated thyioid Elevated 
levels of mtermediaiy metabolites m the blood and tissues might in themselves 
seive to exert a mass action effect which would produce a metabolic rate higher 
than normal Data on subjects 1 and 2 for the period of deprivation of thiamine 
indicate that the levels of these substances rose in the state of thiamine defi 
ciency and that the abnormal levels were corrected slightly when thiamine was 
administered and in full only when administiation of desiccated thyroid was dis 
continued 
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The data contained in table 5 illiistiate an appaiently paiadoxic i espouse to 
tieatnient with thiamine At the end of the peiiod of depiivation of thiamine, 
hign values for pyiuvic acid and lactic acid weie encounteied after administration 
of dextrose These metabolites deci eased with admmistiation of thiamine approxi- 
mately to the levels encounteied in the second period of study (peiiod of admmis- 
tiation of desiccated thyroid with adequate thiamine) This indicates a cure of the 
metabolic defect caused by a deficiency of thiamine, howevei, at the end of the 
peiiod of depiivation of thiamine the levels of pyiuvic acid and lactic acid after 
a standaidized exeicise test were appi oximately the same (m a few instances 
higher and in otheis lower) as those foi noimal control subjects After adminis- 
tration of thiamine these levels after exeicise became considerably highei This 
apparent inciease in the rate of mobilization of metabolites was associated with the 
increase in metabolic rate which followed administration of thiamine , the adminis- 
ti ation of desiccated thyroid was held constant 

SUMMARY AND CONCLUSIONS 

Two physically healthy women, maintained continuously on a basal diet pro- 
viding only 0 22 mg of thiamine per thousand calories but adequate in all other 
respects, received large doses of desiccated thyioid gland (subject 1, 0 6 Gm per 
day, subject 2, 0 5 Gm ) for two hundred and forty-one days Besides the periods 
of prehminar}^ and subsequent observation the study was divided into three periods : 
Thiamine hydrochloride was liberally provided duiing the first peiiod, of twenty- 
two days, it was restricted to 045 mg per day duimg the second peiiod, of one 
hundred and thirty-six days , it was piovided in increasing amounts dm mg the third 
period, of eighty-one days 

The basal metabolic late of each subject lose to appi oximately -\-25 per 
cent during the initial period of admmistiation of thiamine and desiccated thyroid 
It fell to — 8 per cent and -j- 1 1 per cent, i espectively, during the pei lod of 
lestriction of thiamine, but rose to approximately -j- 25 and 30 per cent respec- 
tively, m the third period, when thiamine hydi ochloride was again piovided 
Throughout the period of administration of desiccated thyioid the concentra- 
tions of pyruvic acid and lactic acid in the blood aftei administration of dextiose 
were high, but they were highei during the peiiod of restriction of thiamine 
The conclusion appears justified that the thyioid hormone is less effective m 
promoting the metabolic activity of the organism m a state of thiamine deficiency 
The results of this study may be mterpieted as additional evidence that the function 
of the thyroid hormone is primarily to mobilize metabolites for oxidation by 
enzyme systems of the organism and only indirectly to increase the rate of oxidative 
processes 
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Soon after the advent of clinical electrocardiograph)'- it was recognized by 
Einthoven and others that characteustic deviations occur in association with hyper- 
trophy of the caidiac chambeis Impoitant contributions were made by several 
early investigators/ but foi a long time interest in electrocardiography was focused 
chiefly on differentiation of the arrhythmias and the diagnosis of myocardial dis- 
ease, with little emphasis on the clinical value of the electrocardiogram as a means 
of detecting cardiac hypertrophy 

While the association of characteristic electrocardiographic patterns with hyper- 
tiophy of the various cardiac chambers is well recognized, the mechanism of these 
changes remains a subject of some controveisy, and specific criteria for the electro- 
cardiographic diagnosis of hypertrophy have not been established 

The present investigation was actuated by the necessity of establishing specific 
electrocardiogi aphic criteria of left ventricular hypertrophy in connection with a 
study on prognosis of hypertension “ It was felt, and the belief was subsequently 
confirmed, that prognosis of hypei tension was dependent not solely on the level 
of the blood pressure but on the duration of the hypertension, as evidenced by 
the degree of left ventiicular enlargement In order to classify subjects into 

From the Medical Department of the Equitable Life Assurance Society of the United 
States 

Presented at the meeting of the eighteenth scientific session of the American Heart 
Association, Atlantic City, N J , June 5, 1942 

1 (a) Einthoven, W Le telecardiogramme. Arch internat de physiol 4 132, 1906 
(b) Einthoven, W , Fahr, G, and deWaart, A Ueber die Richtung und die manifeste 
Grosse der Potentialschwankungen im menschlichen Herzen und uber den Einfluss der Herz- 
lage auf die Form des Elektrokardiogramms, Arch f Physiol 150 275, 1913 (c) Linetsky, 

S Die Beziehungen der Form des Elektrokardiogramms zu dem Lebensalter, der H^z- 
grosse und den Blutdruck, Ztschr f exper Path u Therap 9 669, 1911 (d) Lewis, T 

Observations upon Ventricular Hypertrophy with Especial Reference to Preponderance o 
One or Other Chamber, Heart 5 367, 1914 (e) Cotton, T F Observations upon Hyper- 
trophy, ibid 6 217, 1917 (/) White, P D , and Bock, A V Electrocardiographic Evi- 

dence of Abnormal Ventricular Preponderance and of Auricular Hypertrophy, Am J M Sc 
156 17, 1918 (g) Fahr, G An Analysis of the Spread of the Excitation Wave in the 

Human Ventricle, Arch Int Med 25 146 (Feb) 1920 (h) Cohn, A E, and Raisbeck, 
M J On the Relation of the Position of the Enlarged Heart to the Electrocardiogram, 
Heart 9 331, 1922 (i) Willius, F A Electrocardiography and Prognosis I Significant 

T Wave Negativity in Isolated and Combined Derivations of the Electrocardiogram, rc 
Int Med 30 434 (Oct) 1922 (;) Hermann, G R, and Wilson, F N Ventricul^ Hyper- 

trophy - A Comparison of Electrocardiographic and Post Mortem Observations, Hear 
91 1922 

’ 2 Daley, R M , Ungerleider, H E , and Gubner, R S Prognosis and Insurability 
of Hypertension with Particular Reference to the Electrocardiogram, Proc A Li e nsur 
M Dir America 28 18, 1941 
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gioups with and without electiocaidiogiaphic evidence of left ventricular hyper- 
trophy, so that an actual lal mortality study could be made, it was first necessary 
to asceitain precisely what electrocaidiogiaphic abnoimahties could be considered 
indicative of left ventricular h3?pertrophy 

ELECTROCARDIOGRAPHIC CRITERIA OF LEFT VENTRICULAR HYPERTROPHY 

It IS generally appreciated that left axis deviation alone is of no significance 
as a sign of left ventricular hypertiophy, since it occuis m a laige proportion of 
noimal subjects A study was therefoie made to establish what electrocai dio- 
graphic changes in association with left axis deviation could be considered indica- 
tive of hypertrophy. 

The material for study comprised three groups of subjects (1) 460 appli- 
cants for insurance with left axis deviation whose blood pressure was always 
below 140 sj’^stohc and 90 diastolic and for whom there was no record nor finding of 
any cardiac impairment, (2) 380 applicants with hypertension with left axis devia- 
tion whose blood pressure was always above 140 sj^stolic and 90 diastolic, and 

Table 1 — Voltage of the Veutncular Complex m Left Vent)icular Hypeitiophy 


95% 99% 99 9% 

* A, 


Criterion 

r 

Of "Normal” 
Subjects 
Are Below 
This Point 

Which Is 
E\ceeded 
by This 
Percentage of 
Hypertrophy 

( 

Of “Normal” 
Subjects 

Are Below 
This Point 

Which is 
Exceeded 
by This 
Percentage of 
Hypertrophy 

/ 

Of “Normal” 
Subjects 
Are Below 
This Point 

\ 

Which IS 
E\eeeded 
by This 
Percentage of 
Hypertrophy 

Ri 

13 9 mm 

601 

16 8 mm 

42 6 

18 1 mm 

23 6 

Ri + Ss 

22 1 mm 

67 0 

25 4 mm 

519 

29 1 mm 

34 7 

Higher of Ri and Ss 

14 0 mm 

63 6 

16 1 mm 

46 7 

38 4 mm 

271 

Higher of (Ri + Sx) 
and (Ri + Ss) 

15 6 mm 

62 6 

17 7 mm 

46 0 

20 2 mm 

27 4 

(Ri + Ss) minus 
(Si + Rs) 

19 2 mm 

65 1 

22 5 mm 

500 

26 1 mm 

33 6 


(3) 100 subjects with advanced hypertensive heait disease with left axis devia- 
tion in whom it may be assumed that left ventricular hypertrophy was present 

Group 1 was taken as normal, and group 3 represented hypertrophy Group 
2, consisting of applicants with hypertension, may be regaided as a mixed group 
in which a certain proportion of subjects had hypertrophy while the lemainder 
were normal 

A study was made of the voltage of the QRS complex and of changes in the 
ST segment and the T wave In the consideration of voltage two questions were 
investigated 1 What combination of measurements of the R and the S wave 
in lead I and lead III is the most efficient criterion for the separation of persons 
with normal hearts from those with hypertrophy of the left ventricle^ 2 With 
dns criterion determined what is the dividing line between normal and abnormal 
hearts ^ 

Five combinations of the R and the S wave in the standard limb leads were 
investigated (1) the amplitude of R^, (2) the sum of the amplitude of R^ and 
of S3, (3) the higher wave of Ri and S3, (4) the amplitude of the QRS complex 
m its taller lead, 1 e , the sum of Rj and S3 or of Rg and S3, and (5) (R, 4- S > 

- (Sx -f- Ra) “ 

The results are presented in table 1 It was found that criterion 2 is the 
most efficient, followed by 5 and then by 3 or 4 indifferently, while criterion 1 
seemed poorest Since the sum of Rj and S3 was found to be most valuable 
consideration of voltage may be confined to this measurement 
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Even with adequate data it is difficult to place an arbitrary dividing line as 
to just what sum of Rj and S3 should be considered abnormal In 85 per cent 
of normal subjects with left axis deviation R^ + S, was less than 1 9 millivolts, 
in 90 per cent less than 2 0 millivolts, in 95 per cent under 2 2 millivolts, in 99 
per cent under 2 5 millivolts and in 99 9 per cent less than 2 9 millivolts On the 
other hand, these values were exceeded m a vastly greater percentage of subjects 
with left ventricular hypei trophy Thus the sum of R^ and S 3 exceeded 2 5 
millivolts in only 1 per cent of normal subjects with left axis deviation, whereas 
this amplitude was exceeded by 52 per cent of subjects with left ventricular 
hypertiophy It may therefore be regaided that when the amplitude of R^ -f- S 
exceeds 2 5 millivolts hypertrophy is almost certainly present, when the sum 
exceeds 2 2 millivolts h) pertrophy probably is present and that even a sum exceed- 
ing 2 0 millivolts suggests the likelihood of left ventricle hypertrophy 

High amplitude of the QRS complex not only occurs in the presence of marked 
hypei trophy but is an eaily change m left ventriculai hypertrophy This is indi- 
cated by the frequent occuirence of high amplitude among the intermediate group 
of 380 applicants foi insurance notable only for elevated blood pressure, who may 
be considered as a mixed group composed largely of persons in the early stages 
of hypertension, as well as in small part persons in the later stages of the disease 
It is of interest that 44 2 and 29 2 per cent of this mixed group fell abo\ e the 
95 pel cent (2 2 millivolts) and 99 pei cent (2 5 millivolts) levels, respectively, 
of the normal curve 

Characteristic abnormalities m the terminal deflection of the ventricular com- 
plex, 1 e , changes in the ST segment and the T wave, occur commonly in the 
presence of left ventricular hypertrophy In the material studied these were not 
obseived as fiequently as increased amplitude of the QRS complex, and it appears 
that the changes m the ST segment and the T wave do not develop as early as 
inci eased voltage 

The changes 111 the ST segment and the T wave are less specific than increase 
in the amplitude of the QRS complex, since such changes occur in a great vaiiet) 
of conditions other than hypei trophy It is generally stated that depression of 
the ST segment is significant if it is 1 mm or more (0 1 millivolt) below the 
isoelectric baseline ^ However, analysis of the electrocardiograms of the 460 
normal subjects with left axis deviation disclosed none with any noticeable depres- 
sion of the ST segment m lead I, whereas this occurred frequently among the 
subjects with left ventiicular hypei trophy We, therefore, regard depression of 
the ST segment in lead I of any perceptible degree, 1 e , as little as 0 5 mm , as 
suggestive of left ventriculai hypertrophy in the presence of hypei tension with 
left axis deviation Caution must be exeicised in interpi etiiig the position of the 
ST segment when theie is tachycaidia 01 a piominent U wave Flattening of the 
T wave to an amplitude of less than 1 mm 01 furthei degrees of abnormalities 
of the T wave in lead I likewise are to be considered suggestive of left ventricular 
hypei trophy when associated with left axis deviation in subjects with hypei tensiom 
since this was not observed among normal subjects The depression of the S 
segment and T wave negativity 111 lead I are accompanied by reciprocal elevation 
in lead III As has been noted, while these changes are not specific for hyper- 
trophy, nevertheless the pointed inveision of the T wave in lead I and the recip- 
rocal relation of the terminal deflections in leads I and III are quite characteristic 
In more advanced stages of left ventricular enlaigement, as is well known, changes 
occur in the terminal deflections in lead II similar to, though less in degree lan, 
those in lead I 

3 Nomenclature and Criteria for Diagnosis of Diseases of the Heart, ed 4, New York, 
New York Heart Association, 1939 
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Chaiacteiislic changes in seiial precordial leads occui in association with left 
ventricular enlaigement as desciibed by Wilson These were not investigated 
in the present study, since serial pieccidial leads were not made Lowering of 
the initial positive deflection in lead CFj was observed fiequently in the presence 
•of maiked left ventnculai enlargement This may possibly be due to the fact 
that m marked left ventricular enlaigement the piecoidial electiode in lead CF4 
beais about the same relation to the left bolder of the heait that noimally exists 
in lead CF,, when the initial positive deflection is usually rather small 

The results of our study may be briefly summarized as follows Left ven- 
triculai hypertrophy may be consideied to be piesent when left axis deviation 
occurs 111 association with any of the following abnoimahties in the ventricular 
•complex 

1 Increase in the amplitude of the QRS complex, when the sum of the R 
wave in lead I and the S wave 111 lead III is ovei 2 5 millivolts Hypei trophy 
IS piobabl}'^ piesent if this sum exceeds 2 2 millivolts and is suggested when the 
sum exceeds 2 0 millivolts 

2 Depiession of the ST segment in lead I of any peiceptible degree, even as 
slight as 0 5 mm (0 05 millivolts) 

3 Flattening of the T wave below 1 mm amplitude 01 fuither degiees of 
abnormality of the T wave m lead I 

Tabic 2 — Compauson of Elect} ocardtogiams and Telcoroenigenogi anis for One Handled 

Subjects zcjitli Adva}iccd Hypertensive Disease 


Percentage of 


Electrocardiogram Subiects 

Pattern of hypertrophy 66 

Evidence of myocardial disease 11 

Total abnormalities 77 

Teleoroentgenogram 

Apex outside midclavicular line 62 

Transverse diameter more than 10 per cent above that predicted 41 

Cardiothoracic ratio above 50 per cent 36 


comparison of electrocardiographic and roentgen changes 

ASSOCIATED WITH HYPERTROPHY 

Employing these criteria lather than the well known advanced pattein asso- 
ciated with maiked left ventricular enlaigement, a study was carried out to 
determine the relative value of the electrocardiogram in detecting left ventricular 
hypertiophy as compared with the roentgenogram Analytic study was made of 
100 subjects with advanced hypertensive heait disease, and the electrocardiogiaphic 
and roentgen findings were compaied Three catena weie employed in estimating 
heart size in the teleoroentgenogram the tiansverse diameter m relation to stand- 
ards predicted from weight and height,® the relation of the apex to the left mid- 
clavicular line as seen in the roentgenogram and the cardiothoracic latio The 
results are presented in table 2 

It IS evident, and this has not been sufficiently appieciated, that the 
electi ocardiogram is valuable ^for detecting left ventricular hypertrophy and is 
more sensitive than the roentgenogram This compauson is not intended, of 
course, to deprecate the importance of roentgen study, but it does emphasize the 

4 Wilson, F N Recent Progress in Electrocardiography and the Interpretation of 
Borderline Electrocardiograms, Proc A Life Insur M Dir America 27 96, 1937 

5 Ungerleider, H E , and Clark, CPA Study of the Transverse’ Diameter of the 
Heart Silhouette with Prediction Table Based on the Teleoroentgenogram, Proc A Life 
Insur M Dir America 25 84, 1938 
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usefulness of electrocardiogiaphic study in detecting early left ventricular hyper- 
tiophy Electrocaidiographic and roentgen changes do not necessarily parallel 
one anothei, and while electrocardiographic abnormalities occur relatively more 
frequently than roentgen changes, at times there may be definite evidence of left 
ventnculai enlargement in the roentgenogram while the electrocardiogram is quite 
normal Rounding of the left ventiicular contour is suggestive of left ventricular 
hypertrophy even if the measurements are not perceptibly increased, as is oftea 
the case in the earhei stage of concentric hypertrophy 

MECHANISM OF ELECTROCARDIOGRAPHIC CHANGES 

The findings of the present study, as well as of previous investigations oa 
electiocardiographic changes associated with left ventricular hypertrophy, are the 
result of coi relating empiric with clinical obseivations and, just as with most 
other aspects of clinical electrocardiography do not stem from theoretic considera- 
tions Nevertheless, it is of great interest to consider the mechanism of the elec- 
trocardiographic changes associated with hypertiophy of the cardiac chambers. 


AXIS DEVIATION 


The association of an inverted QRS complex in lead III with left ventricular 
enlargement and an inverted QRS complex in lead I with nght ventricular enlarge- 
ment was noted by Einthoven and other im estigatoi s, and the terms left and right 
ventiicular prepondeiance came into common usage as an expression of deviation 
of the electrical axis While it has been well recognized for some time that axis 
deviation is determined by factors other than ventricular hypertrophy, the terms 
left and right ventnculai preponderance continue to be widely and improperly 
employed as synonymous with left and right axis deviation 

Certainly it cannot be denied that the deviation of the electrical axis is influenced 
by caidiac enlargement and that left axis deviation is a usual concomitant of left 
ventiicular hypei trophy Howevei, that left ventricular hypertrophy is the deter- 
mining factor in pioducing left axis deviation even in normal subjects® appears 
untenable m view of the well known fact that left axis deviation is readily produced 
by transverse position of the heart without relation to heart size, by factors 
which elevate the diaphragm, such as expiration, pregnancy and ascites, or 
by body build Indeed, there is strong reason to believe that in hypei tension, 
which IS the commonest cause of left ventricular hypertrophy, position of the 
heart plays a determining role m accounting for left axis deviation apart fiom 
the factor of hypertrophy itself The occurience of left axis deviation in asso- 
ciation with hypertrophy has been attributed to clockwise rotation of the heart 
on its longitudinal axis ^ 

The body build of subjects with hypertension is most frequently the obese 
heavy set type, in which left axis deviation occurs normally because of a trans- 
verse position of the heart This association is clearly shown by analysis of the 
occurrence of left axis deviation in relation to body build in 422 subjects with 
hypertension 

It IS evident that among underweight subjects with hypertension, who con- 
stitute a minority, left axis deviation is less commonly encountered but increases 
in diiect proportion to the degree of overweight Left axis deviation was encoun- 
tered m a total of 78 per cent of subjects with hypertension, and an identical figure. 


6 Master, A M The Electrocardiogram and X-Ray Configuration of the Heart, 

Philadelphia, Lea & Febiger, 1939, pp 15 and 30 j 

7 van Nieuwenhuizen, C L C, and Hartog, HAP The logra 

Hypertension with Especial Reference to Lead IV, Am Heart J 13 308, 193 
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of 78 per cent, was found foi another senes of 100 subjects with advanced hyper- 
tensive heait disease Othei investigatois have repoited left axis deviation in a 
similar or slightly lower percentage of cases 

It IS appal ent, on the one hand, that left axis deviation is closely i elated to 
l>ody build and, on the other, that left axis deviation is not a necessary and invaii- 
able accompaniment of left ventricular hypertiophy One does not imply that 
left axis deviation is entiiely unrelated to left ventiicular hypeitiophy, for there 
IS no doubt that left ventricular hypei trophy of itself is capable of pioducing left 
axis deviation, while conveisely light ventiicular hypertiophy ensuing late m the 
course of hypei tensive disease tends to nullify the electi ical effects of left venti icular 
hypei trophy and may cause left axis deviation to disappeai It may be stated, 
howevei, that left axis deviation does not seem to be an essential pait of the elec- 
trocardiographic pattern of left ventriculai hypeitiophy Othei chai actei istic fea- 
tures of the electi ocardiographic pattern in left ventricular hypertiophy, m the 
terminal deflections of the ST segment and the T wave, may evolve piior to oi 
«ven m the absence of left axis deviation, as has been noted by Kaplan and Katz ® 
and Baines® It has been our experience that this is particularly apt to occui 
in subjects of noimal or of slender build, moie often in association with left 
ventricular hj^pertrophy due to aortic insufficiency, nephi itic hypertension oi mahg- 

Table 3 — Relation of Avis Deviation to Body Build in Foni Hundied and Twenty-Tzuo 

Applicants foi Insurance •with Hypei tension 


Subieets with 
Left A\ls Deviation 


Percentage Deviation from 

Average Weight 

Number of 
Subjects 

r” ’ i.i.— . 

Number 

* - - 

Percentage 

—20 or less 

1 

1 


—20 to —11 

9 

3 

33 

—10 to — 1 

41 

21 

51 

0 to -i- 9 

103 

68 

66 

+10 to +19 

147 

123 

84 

+20 or over 

121 

114 

94 


422 

330 

78 


nant nephrosclei osis While these changes in the terminal deflection do occur in 
the absence of left axis deviation, they appear to evolve much more readily when 
left axis deviation is piesent, and the electrocardiogram appears to be somewhat 
less sensitive in detecting hypertrophy in subjects of slender stature 

The degree of left axis deviation does not bear any constant relation to the 
degree of left ventricular hypertrophy While extreme left axis deviation where 
the QRS IS completely inverted in lead II, as well as in lead III, is usually an 
abnormal finding, it does not indicate left ventricular hypertrophy but may denote 
an abnormal conduction pattern due to myocardial disease 

VOLTAGE 

Voltage in the electrocardiogram is determined by several factois the mass 
of cardiac muscle , the relation between the excitation process in the two ventricles , 
the position of the heart determining the direction of potential, and conduction 
through the body tissues to the electrodes The last factoi probably accounts 
for high voltage in leads taken directly over the precordium and the relatively 
high voltage which may be observed in children, but it has no bearing on changes 
in voltage associated with hypertrophy Position of the heart is not a significant 

8 Kaplan, L G, and Katz, L N The Characteristic Electrocardiograms in Left 
Ventricular Strain With and Without Axis Deviation, Am J M Sc 201 676 1941 

9 Barnes, A R (a) Electrocardiographic Patterns, Springfield, 111 , Charles C Thomas 

Publisher, 1940, p 77, (b) pp 66-67 , ’ 
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factor m explaining the high voltage in le^t ventiicular hypertrophy, for voltage 
in the hmb leads could not be related to body build in the 460 normal subjects 
with left axis deviation An altered relation between the time of development 
of the excitation process in the two ventricles is responsilile for the high voltage 
in ventricular extrasystoles and in bundle bianch block This factor, howevei, can 
hardly explain the high voltage in left ventricular hypertrophy, since the excita- 
tion process is most often normal iii left \entricular hypertrophy and the ORS 
complex IS not appreciably widened until an advanced stage, when bundle branch 
block may supervene It appears, therefore, that the increased voltage is to be 
ascribed directly to an increased mass of left ventricular musculatuie It should 
be noted, however, that increased voltage, particularly of the R wave in lead I 
was observed by Robb and Robb as an immediate consequence of acute left 
ventricular strain where hypertrophy could play no part 

It may be emphasized again that high voltage of the QRS complex is the 
earliest and most fiequent electrocardiographic change associated with left ven- 
tricular hypertrophy The study has indicated the limits of normal voltage in 
the piesence of left axis deviation It is generally stated that voltage is abnormal 
if the QRS m the tallest lead exceeds 2 0 millivolts Our study, however, indi- 
cates the necessity of judging voltage in association with axis deviation In the 
absence of left axis deviation, high voltage is of no significance Voltage as high 
as 2 5 or even 3 0 millivolts, most frequently in leads 2 and 3, may be observed 
noimally when left axis deviation is not present, particularly m 3mung slender 
subjects In association with left axis deviation much lower amplitudes of the 
QRS complex are vastly more significant, as has been indicated 

ABNORMALITIES OF THE ST SEGMENT AND THE T WAVE 

There has been much speculation concerning the cause of the changes m the 
ST segment and the T wave associated with ventricular hypertrophy, and several 
explanations have been suggested These changes have been ascribed by some 
investigators to hypertrophy itself,^- which is assumed to result in an altered rela- 
tion between the electrical potential of the two ventricles It has been suggested 
that the conduction pathway is impaired or lengthened owing to enlargement of 
the left ventricle wath delay in excitation of the left ventricular myocardium The 
similarity of the electrocardiographic patterns m left ventricular hypertrophy with 
those of left bundle branch block is cited as support of the hypothesis that impaiied 
conduction through the left bundle branch is responsible for the changes in 
hypertrophy If this were the mechanism, it might be expected that the wndth 
of the QRS complex, which measures the duration of the excitation process, would 
be similarly prolonged, as it is in bundle branch block Actually, the QRS com- 
plex IS usually of relativel}^ normal duration, except in the moie advanced stages 
of enlargement Characteristic changes in the ST segment and the T wave are 
frequently observed with QRS complexes of normal width It is highly improb- 

10 Robb, J S, and Robb, R C Hypertension Electrocardiograms Experimentallv 
Produced and Anatomicallj' Explained II Left Ventricular Strain, Am J M Sc 203 

- 634, 1942 

11 Pardee, H E B Clinical Aspects of the Electrocardiogram Including the Cardiac 
Arrhythmias, ed 4, New York, Paul B Hoeber, Inc , 1941, p 48 Footnote 3 

12 Master, A M Characteristic Electrocardiograms and Roentgenograms in Arterial 
Hypertension Their Prognostic Significance, Am Heart J 5 291, 1930 

13 Katz, L N Electrocardiography, Philadelphia, Lea & Febiger, 1941, p 291 

14 Master,® p 108 

15 Rykert, H E , and Hepburn, J Electrocardiographic Abnormalities Characteristic 
of Certain Cases of Arterial Hypertension, Am Heart J 10 942, 1935 



GUBNER-UNGERLEIDER— VENTRICULAR HYPERTROPHY 


203 


able that lengthening of the conduction pathway is lesponsible foi the electro- 
cardiogiaphic clianges, since advanced changes in the ST segment and the T wave 
may be observed when the ventnculai cavity is not enlaiged during the stage of 
concentric Ii}peitiophy, while the teiminal deflections may be quite normal when 
the left ventricle is markedly dilated and the conduction pathway presumably 
lengthened, as m cases of aortic insufficiency 

Recently Robb and Robb have attempted to relate the changes m the ST 
segment and the T wave to strain pi oduced by sti etching of the iiidu idual bundles 
of muscle, which they stated involves the superficial layers to the gieatest degree 

The left ventricle is enclosed b}' four muscle masses which give way in sequence the 
superficial sinospiral first, the superficial bulbospiial nevt, later tbe deep smospiral, and in 
extremis the deep bulbospiral muscle 

The chaiacteristic depression of the ST segment in lead I with elevation in lead III 
IS ascribed by these authois to involvement of the supeificial bulbospiral muscle 

Certain pathologic and physiologic considerations suggest, however, that the 
characteristic electrocardiographic changes result from ischemia of the inner layeis 
of the left ventricle rathei than from involvement of the superficial bundles of 
muscle If the greatest strain were placed on the supeificial layeis of muscle m 
Itypei trophy, one ^\ould expect to find the gieatest degree of pathologic change in 
this region While the portions of the superficial smospiial and bulbospiral mus- 
cles which curve inward to foim the papillary muscles are fiequently involved, 
the outer layers of the left ventricular myocaidium are usually lelatively normal, 
vhereas diffuse involvement is regulaily observed in the deeper layeis of the 
left ventricle, particularly the subendocaidial region This vulnei ability of the 
subendocardial region has been emphasized by Buchnei and associates and has 
been noted by Friedberg and Horn and by one of us (R G ) in collaboration 
with Master, Dack and Jaffe in a study of 48 cases of fatal coronal y insufficiency 

Depression of the ST segment and abnormalities of the T wave similai to those 
encountered in hypertrophy occur regularly in association with a gieat vaiiety of 
clinical and experimental conditions which cause pathologic changes m the inner 
subendocardial layer of the left ventricle Among these may be mentioned acute 
and chronic anemia, carbon monoxide poisoning, shock, ovei exertion, anoxemia 
and mechanical trauma to the endocardium When a condition such as acute 
anemia or other strain occurs m a subject with early hypertrophy, a latent elec- 
trocardiographic pattern of left ventricular hypertiophy may be brought out, which 
suggests that similar mechanisms are operative in evoking the electrocardiographic 
changes 

It has been suggested because of the similarity of the changes in the ST 
segment and the T wave associated with hypei trophy to those observed in myo- 
cardial ischemia in more acute states that the abnormalities of the ST segment 
and the T wave represent a chronic metabolic strain There are several factors 
which may contribute to produce a relative inadequacy of coronal y supply la 

16 Buchner, F , Weber, A , and Haager, B Koronarinfarkt und Koronarinsuffizienz 
in vergleichender elektrokardiographischer und morphologischer Untersuchung, Leipzig, Georg- 
Thieme, 1935 

17 Friedberg, C K , and Horn, H Acute Myocardial Infarction Not Due to Coronary 
Artery Occlusion, J A M A 112 1675 (April 29) 1939 

18 Master, A M , Gubner, R , Dack, S , and Jaffe, J L Differentiation of Acute 
Coronary Insufficiency with Myocardial Infarction from Coronary Occlusion, Arch Int Med 
67 647 (March) 1941 

19 Barnes, A R , and Whitten, M B Study of T Wave Negativity in Predominant 
Ventricular Strain, Am Heart J 5 14, 1929 



204 


ARCHIVES OF INTERNAL MEDICINE 


hypertrophy While the increased aortic pressure tends to augment coronaiy 
floiv, It does not do so in proportion to the greatly increased work performed 
by the left ventricle The capillary count per square millimeter, which is the true 
measure of blood supply, is relatively deci eased m hypertrophy, as has been shown 
by Weal 11 "0 Furtheimore, increased thickness of the hypertrophied muscle cells 
makes difficult rapid diffusion of oxygen, nutiiments and metabolites In addition 
to these factois which tend to cause a relative inadequacy of coronary flow there 
is often added an absolute reduction m coronary flow due to associated coronary 
artery disease, paiticularly when hypertension is present Changes m the ST 
segment and the T wave associated with hypertension have been ascribed directly 
to coronary artery scleiosis,^^ but these changes occur as well m the absence of 
any significant coronary artery disease m hypertension Aortic stenosis and 
insufficiency, which also are frequent causes of left ventricular hypertrophy, likewise 
•operate to reduce the absolute coionary flow Furthei evidence that the changes 
in the ST segment and the T wave aie due to a metabolic strain is suggested by 
the fact that the changes aie leveisible These abnormalities have been observed 
to dimmish or disappear promptly m cases in which marked lowering of blood 
qiiessure has attended therapy of hypei tension by various measures, such as 
sympathectomy ° and administration of thiocyanates, renal extracts and tyrosinase 

While these factors give adequate reason to believe that a relative coronar)- 
insufficiency is responsible for the electrocai diogi aphic changes m hypertension, 
theie IS yet one other factor which appears to be important particularly in explain- 
ing the localization of myocardial involvement m the deeper layers of the left 
ventricle It is involvement of this region which produces the characteristic elec- 
ti ocardiographic changes 

Johnson and Di Palma -- have recently shown that there is a marked gradient 
m mtramyocardial piessure from the epicardium to the endocardium While the 
mtiamural pressure of external layers of the left ventricle does not rise high 
during systole, the pressure m the deeper layers of the left ventricular musculature 
rises to very high levels during systole, fai above the aortic pressure There 
•must, therefore, be a complete arrest of flow m the coronary vessels supplying the 
subendocardial legion of the left ventricle during a portion of systole In the 
outer layers of the left ventrticle coronary flow is not arrested during systole 
because the mtramyocardial pressure is not as high The superficial layers may 
receive a relatively gi eater supply because of diversion of blood flow from the 
■deeper layers, where systolic flow is impeded The earlier observations of Anrep 
and Saalfeld suggested a complete cessation of flow in systole While more 
recent studies have indicated that some degree of intramural systolic inflow does 
occur, yet this may be shunted to the outer layer m the manner suggested In 
the right ventricle and in the auricles the mtramyocardial pressure during systole 
is much lower than the pressure within the coronary artery, and so coronary flow 
IS not impeded during systole m these chambers It is dius evident that the 

20 Wearn, J T Morphological and Functional Alterations of the Coronary Circulation, 
Bull New York Acad Med 17 754, 1941 

21 Levine, S A Clinical Heart Disease, ed 2, Philadelphia, W B Saunders Company, 
1940, p 161 

22 Johnson, J R , and Di Palma, J R Intramyocardial Pressure and Its Relation to 
Aortic Blood Pressure, Am J Physiol 125 234, 1939 

23 Anrep, G V, and Saalfeld, E V The Effect of Cardiac Contraction upon the 
'Coronary Flow, J Physiol 79 317, 1933 

24 Gregg, D E Phasic Changes in Flow Through Different Coronary Branches, in Blood, 
Heart and Circulation, Publication 13, American Association for the Advancement oi Science, 
1940, p 81 
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efficiency of the coioiiary circulation is pooiest in the subendocardial legioii of the 
left ventiicle, since flow is cyclic lather than continuous This legion will be 
the one to suffer most from ischemia by any reduction in coi onary flow or increased 
oxygen lequiiements of the myocardium Pathologic confirmation of the relatne 
inefficiency of the coronaiy ciiculation m the deeper layers of the left ventricle 
IS affoided by the observations of Malloiy, White and Salcedo-Salgar These 
investigators noted that subendocai dial infarcts heal less rapidly than those m the 
center of the myocaidium or beneath the epicardium and are poorly vascularized 

This factoi explains the \ ulnei ability of the subendocai dial region of the left 
ventricle in hypertrophy and the predilection of myocardial disease for this region 
m a great variety of pathologic states, wheieas involvement of the outer layers 
of the left ventricle, the right ventricle and the auricles is relatively infrequent 
When intraventricular piessure m the right ventricle is markedly elevated, as in 
pulmonic hypertension secondary to mitral disease, coronary flow may be impeded 
during systole with ischemia and damage to the subendocardial region of the 
right ventiicle, producing the characteristic changes m the ST segment and the 
T wave in leads III and II 

In case of prolonged coronary insufficiency degeneration of cardiac muscle 
occuis, with replacement fibrosis This is most marked in the subendocardial 
legion of the left ventricle, where the metabolic strain is greatest The fibrosis 
may involve the Purkmje network, which ramifies m the subendocardium, eithei 
directly or by impairing the vascular supply This results m abnormal conduction, 
with the appearance of slurring, notching and widening of the QRS complex, 
eventually progressing to the pattern of left bundle branch block, which is fre- 
quently encountered m long-standing and advanced left ventricular enlargement 
The V idening of the QRS complex m hypertrophy is only m slight part attributable 
directly to increased thickness of the left ventricular myocardium Oppenheimer 
and Rothschild showed that in cases of bundle branch block there are widely 
disseminated areas of patchy sclerosis of the subendocardial legion To quote then 
classic study, 

The pathologic changes, especially the sclerosis, predominate in the endocardial and sub- 
endocardial layer, that is, in the region of the so-called Purkmje network, as compared 
with the outer two thirds of the ventricular musculature 

Left bundle branch block is much moie common than right bundle branch block 
because the subendocardial region of the left ventricle is predominantly involved m 
myocaidial disease The pattern of right bundle branch block may evolve by a 
similai mechanism m long-standing right ventricular enlargement secondary to 
mitral valvular disease, chronic cor pulmonale and certain types of congenital heait 
disease, such as pulmonic stenosis, which place a strain on the light ventricle 

TERMINOLOGY OF ELECTROCARDIOGRAPHIC CHANGES 

A conspicuous lack of uniformity exists m the nomenclature employed to 
desciibe the electrocardiographic patterns associated with left ventiiculai hyper- 
trophy Various terms, such as left ventricular strain, left ventricular prepondei- 
ance, hypertrophy and enlargement, are employed It would seem desiiable that 

24a Mallory, G K , White, P D , and Salcedo-Salgar, J The Speed of Healine of 
Myocardial Infarction, Am Heart J 18 647, 1939 

25 Visscher, M B The Restriction of the Coronary Flow as a General Factor in Hpart 
Failure, J A M A 113 987 (Sept 9) 1939 

26 Oppenheimer, B S , and Rothschild, M Electrocardiographic Changes with Mvocardi^l 

Invohement, J A M A 69 429 (Aug 11) 1917 iviyocardial 
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a inoie unifoim teiminology be adopted in desciibing and interpieting the electio- 
cardiographic changes Certain teiins, such as left ventiicnlai prepondei ance, aie 
confusing, since this description is often used intei changeably with left axis devia- 
tion, which of Itself, of course, is not indicative of left ventriculai h}peitrophv 
Based on the genesis of the electrocai diographic abnormalities suggested here 
the follo\\mg terminology appears moie specifically descriptive of the anatomic 
changes m the left ventiicle 



Fig 1 — Left ventricular hypertrophy Left axis deviation associated with high voltage of 
the QRS complex (a) A high Ri, just exceeding normal limits (b) A deep Ss (c) The 
sum of Ri and S- exceeds 2 5 millivolts (d) An cxtremelv high Ri (c) An extremely deep Sj 
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Fig 2 — Left ventricular strain Left axis deviation associated with changes m the 
segment and the T wave (a) A slight depression of the ST segment in lead I ( ) 
depression of the ST segment in lead I and a reciprocal elevation in lead III (c) A low i 
id) An inverted Ti (c) A depressed ST segment and a diphasic T wave in lead I 

Left V entiicula} Hypotrophy — This teim may be employed appi opiiately 
where left axis deviation is associated with inci eased amplitude of the QRS com 
plex (the sum of and S, exceeds 2 5 millivolts or R^ or Sj mdividuallv excee s 
1 6 millivolts) The high voltage pattern is illustrated m figuie 1 

Left Ventncnlm Straw— This term should he employed when chaiacteiistic 
changes are present m the ST segment and the T vvav^e in the absence o ugi 
voltage (fig 2) or m the absence of left axis deviation (fig 3) The cianges in 
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the ST segment and the T nave aie less specific of hypertiophy than is high 
voltage While chai acteiistic changes in the terminal deflections are usually asso- 
ciated with left ventiiculai hypei trophy, similar abnoinialities may occur in 
conditions othei than hypei trophy when a metabolic strain is placed on the left 
\entiicle (e g, anemia) Well maiked changes in the ST segment and the T 
n ave may be present in the absence of high voltage of the QRS complex, and high 
Aoltage of the QRS complex may not mfiequently disappear m the latei stages 
of left ventiiculai hypertiophy with diffuse niyocaidial disease or after myo- 
caidial infaiction 



Fig 3 — Left ventricular strain Changes m the ST segment and the T wave in the absence 
of left axis deviation (a) A diphasic Ti (b) Inverted Ti and Tz (c) A depressed ST seg- 
ment and an inverted T wave m lead I and lead II There is a slight tendency to left axis 
deviation (d) A tall R wave, a depressed ST segment and a diphasic T wave in lead I (<?) A 
tall R wave and a depressed ST segment in lead I 
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Fig 4— Left ventricular hypertrophy and strain (a) A high voltage QRS complex, with 
the ST Segment depressed in lead I and elevated m lead III (i) A high Ri, a depressed ST 
segment in lead I and lead II and an elevated ST segment in lead III (c) A high voltage 
QRS complex and a diphasic T w^ave in lead I (d) A high voltage QRS complex, a depressed 
inverted T wave in lead I (c) A typical pattern, with a high voltage 
QRS complex and charactei istic changes in the ST segment and the T wave 

Left Venhiculai HypeHiophy and 5/; am —This teim should be used to con- 
note moie advanced electi ocardiogi aphic changes when both the patterns of 
h}^pertrop]iy (high voltage of the QRS complex) and metabolic strain (chano-es 
m the ST segment and T wave) are present (fig 4) 

Left Venfuculat Hypei hophy with Myocaidtal Stiam and Fibiosis (fig 5) — 
The final stage of left ventricular enlaigement as revealed in the electrocardio'^iam 
includes, m addition to the aforementioned changes in QRS voltage and teiminal 
deflections, abnoi malities m the QRS complex, such as slurring, notching and 
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widening, progressing ultimately in its most advanced form to the pattern of left 
bundle branch block These abnoi malities in the QRS complex are considered to 
represent diffuse myocardial fibrosis ensuing after long-standing left ventricular 
strain, which involves the conduction system interfering with the excitation process 

The electiocardiographic patterns described do not always have an exact 
anatomic counterpait, for the pattern of left bundle bianch block occasionally ma} 
be produced by localized involvement of the left mam bundle branch in the inter- 
ventriculai septum without any necessary left ventricular disease otherwise The 
pattern of left bundle branch block (fig 5 e) is encounteied, too, in normal persons 
with a short PR interval, who are subject to attacks of paroxysmal tachycardia 
(Wolft-Paikinson-White syndiome) The pathogenesis of bundle branch block 
in such instances is not related to left ventricular enlargement or to myocardial 
disease but is believed to be due to aberrant conduction from the auricles to the 
ventricles 

While It may appear unwarranted to i elate electiocardiographic patterns so 
specifically to the degree of anatomic change, a definite correlation between the 
severity of the electi ocardiogi aphic changes and piognosis has been demonstiated - 
The ciiteria proposed indicate the piecise electrocai diographic changes which may 



Fig 5 — Left ventricular hypertrophy with myocardial strain and fibrosis (a) A deep S'! 
and a depressed ST segment and a diphasic T wave m lead I The QRS complex is slurred 
and notched (6) A high voltage and depressed ST segment in lead I and lead II Ri is 
notched (c) Typical changes in voltage and terminal deflection The QRS complex is 
widened to twelve hundredths of a second (d) Left bundle branch block The QRS complex 
IS notched and widened to thirteen hundredths of a second (_c) Left bundle block with a 
short PR interval This is not due to left ventricular hypertrophy but is an anomaly of 
conduction 

be considered diagnostic of hypertiophy, and the giaded terminology of the more 
advanced changes further provides an approximate estimate of the degree of left 
ventriculai enlargement, which is more gi aphic than any single phrase, such as 
left ventriculai preponderance 

SUMMARY 

An electi ocai diographic diagnosis of left ventiiculai hypertrophy can be made 
before advanced changes have occuried Employing criteria established by a 
study of a large number of noimal subjects and peisons with hypertension, we 
found that the electrocardiogram is a valuable device foi detecting left ventricular 
hypertrophy and is somewhat more sensitive than the teleoroentgenogiam The 
electrocardiographic and roentgen changes do not necessaiily parallel one anothei, 
and at times either may be relatively normal, while the othei shows definite evi- 
dence of hypertrophy 
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Left ventnculai hypeitiophy may be consideied to be pieseiit when left axis 
deviation occuis in association with any of the following changes 

1 Inciease in amplitude of the QRS complex, best expiessed by the sum of 

and S 3 Hypeitiophy is piesent if this sum exceeds 2 5 millivolts and is 

piobably present if it is ovei 2 2 millivolts The increase m voltage is the earliest 
electrocai diographic change m hypei trophy 

2 Any perceptible depression of the ST segment in lead I, even of as slight 
degiee as 0 5 mm (0 05 millivolt) 

3 Lowering of T^ below 1 mm 01 further degrees of abnormality of T^ 

The changes in the ST segment and the T wave may develop 111 the absence 

of left axis deviation, and left axis deviation is not an invariable 01 necessarily 
integral part of the electiocardiogiaphic pattern of left ventricular hypertrophy It 
IS shown that the usual occurrence of left axis deviation with left ventricular hyper- 
trophy in hypertension is due largely to piedommant obesity with transverse 
position of the heart, which m itself causes left axis deviation In slender subjects 
with left ventnculai hypertrophy left axis deviation is not so often obseived 

The inci eased amplitude of the QRS complex may most reasonably be attiibuted 
directly to an inci eased mass of left ventnculai musculature The changes in 
the ST segment and the T wave are regarded as due to lelative ischemia of the 
deeper layers of the left ventricle This is occasioned by mci eased work of the 
heart without commensurate increase in coronary flow Several factors, wdnch 
are discussed, contribute to cause this disproportion 

The particular vulnerability of the subendocardial legion of the left ventiicle 
IS due to an intiamyocardial pressuie giadient during contraction During systole 
there is a marked increase in intramyocardial pressure in the deepei layers of the 
left ventricle, wdnch exceeds aortic pressure and which obstructs coronary flow 
in this region, although there is no interference in coronary flow in the outer zone 
of the left ventricle or m the right ventricle or auricles, wheie the intiamyocardial 
pressure does not rise above the arterial piessure The subendocardial legion of 
the septum and the left ventricle on this account is the area most vulnerable to 
ischemia It is the site of predilection of myocardial disease when there is a relative 
insufficiency of coionary flow, as in hypei trophy, or when there is an absolute 
decrease m flow, as m coronary artery sclerosis and acute coionary artery 
occlusion 

Over a long peiiod, the chronic subendocardial ischemia leads to irreversible 
changes and leplacement fibrosis occurs This involves the Purkmje distribution 
network of the left bundle branch which ramifies in the subendocardial region of 
the interventricular septum and the left ventricle Intel feience with left ventricular 
excitation caused by diffuse involvement of the conduction system leads to slurring, 
notching and wudening of the QRS complex, eventually progressing to the pattein 
of left bundle branch block, which is frequently encountered in association with 
long-standing and advanced left ventricular enlargement The widening of the 
QRS complex is only in slight part attiibutable directly to increased thickness 
of the left ventricular myocardium 

Changes in the ST segment and the T wave in leads II and III, and ultimately 
right bundle branch block, occur in conditions associated with chronic right ven- 
tiicular strain, such as pulmonic stenosis, cor pulmonale and long-standing mitral 
disease The pathogenesis of these changes, just as in left ventricular hypertrophy, 
is similarly related to ischemia of the subendocardial region of the right ventricle 
consequent to inci eased inti aventricular pressure in the light ventricle 
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The electi ocai diogi am js a photogiaphic lecoid of the difterences in electncal 
potential existing between two points on the bod\ sin face at every instant dming 
the time the record is being taken On the ordinates of the record one reads the 
potential differences, on the abscissas the time is gnen When the electi ocai dio- 
giam in the thiee standard limb leads is made, measurement of the potential dit- 
feiences at any instant in any two leads supplies data fiom v\hich one may calculate 
the apparent direction and magnitude of the electromotive force at that instant as 
that force is projected on the frontal plane of the bod} The direction of the foice 
at each instant is the instantaneous electncal axis Since the electi omotive force has 
both diiection and magnitude, it is a vector quantit)' One may deteimine tlie 
magnitudes and directions of the vectors for each instant of the ventricular (oi 
auricular) electi ocardiogram and draw lines on paper repiesenting them If the} 
are drawn m sequence so that they radiate from a common center, the distal ends 
of the vectors will describe a path which is known as the vectoicardiogiam ^ It is, 
indeed, possible to record this path diiectly by special apparatus ’• 

The use of vector analysis does not necessarily impl} that the directions of the 
vectors are their true directions relative to the frontal plane Such analysis is 
capable of extensive application and is useful, ev'en though the direction? as recorded 
aie m error Yet it has been widely assumed, if not by Einthoven, at least by mam 
electrocai diographers, that the direction of the electncal axis is a true representation 
of the orientation of the electromotive force, relative to the frontal plane The 
validity of this assumption has been denied by Katz,- by Wolfeith, Livezey and 
Wood ® and by others Since we hav^e tentatively accepted the validity of the Ein- 
thoven triangle hypothesis, at least as a close appi oximation, we cannot ignore the 


attack on it, and we shall return to it latei 

The present paper deals with an attempt to explain the QRS complex in human 
beings in terms of successive stages of mv'asion of the ventricular muscle by the 
wave of excitation Oui method inv'^olves v^ector analvsis The value of this method 


has been greatly impaiied by the difficulty of knowing the normal sequence of 
activation of the ventricular muscle Although we may choose any instant during 
the course of that activation and calculate a v'ectoi lepresenting the direction and 
magnitude of the electromotive force at that instant, we aie unable to inteipiet the 
v'^ector in terms of the particular region or regions of cai diac muscle which are becom- 
ing active at the chosen instant If we await more precise, diiectly acquired knowl- 
edge of the sequence of ventnculai activ'^ation m man, it is cleai that we shall have to 
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wait indefinitely Foi that leason we aie compelled to take the electi ocardiogi am 
as it IS lecoided for a human being and to determine whethei it is the pictuie 
which would necessarily be pioduced if the human ventiicles aie activated essentialh 
111 the same mannei and sequence as the ventricles of the experimental animal 
Foitunately, we now have access to lehable expeiimental obseivations, such as 
those of Lewis/ Eyster and Meek/ Hairis ® and also Nahum, Hoflf and Kaufman," 
which may be reintei pi eted as necessai} and applied to oui problem In ceitam 
details, for which expeiimental evidence on human beings is lacking, we have been 
compelled to infer the sequence of ventiicular excitation from the electi ocardiogram 
itself 

THE EXPERIMENTAL BASIS OE OUR PRIMARY ASSUMPTIONS 

Eveiy student of electrocai diography is familiar with the conclusions of Levis 
and Rothschild ® with respect to the sequence of activation of the ventricles in 
human beings The wave of excitation is delivered simultaneously to the two ven- 
tiicles by way of the blanches of the atiioventricular bundle Thiough a subendo- 
cardial Puikmje netwoik, at a velocity of 3 to 5 meteis pei second, the impulses 
reach the \entiiculai muscle proper The two sides of the septum weie regarded as 
being fii St to be activated , the apical subendocardial muscle as activated latei , the 
lateial ventnculai walls still later and the bases of the ventricles last Fiom the 
subendocaidial surfaces the activity was supposed to spread outward, at a late of 
0 4 meter per second, almost radially to the subepicai dial muscle Since the left 
ventricle is much thicker than the light one, the last part of the ventiicles to be 
activated was supposed to be the subepicardial muscle at the base of the left ventricle 
In spite of attempts to break down this relatively simple picture, it has met the 
demands of electrocardiography in human beings remaikably well, though we ha^e 
found It necessary to modify certain details Han is ® in a recent excellent papei 
lepoited on the sequence of activation of the epicaidial surface of the cat, dog and 
monkey ventricles, together with some observations on the subendocaidial activation 
and the time required for the impulse to penetrate the ventiicular walls m the dog 
One may infer fiom his work that the time lequiied by the impulse to activate the 
subendocardial surface is possibly shorter than the time assumed by Lewis and 
Rothschild® Furthermore, the epicardial suiface of the pulmonaiy conus is acti- 
vated late, at least as late as the basal lateial vail of the left ventricle, and this 
probabl} holds for man In the monkey, the apical and anterioi sui face of the right 
lentncle near the interventricular groove is earliest to be excited, the apical and 
anterolateral apical region of the left ventricle being activated only slightly latei 
In 1 monkey the latter region on the left was excited as eaily as the eaily region of 
the right ventricle — and we suspect that this individual difterence also occuis in 
man In the dog the impulse appears to pass from endocardium to epicaidium 
roughlv in a radial fashion, as postulated by Lewis, though it is possible that the 
pulmonaiy conus may be activated by impulses tiaveling longitudinally in muscle 

4 Lewis, T The Atechanism and Graphic Registration of the Heart Beat, ed 3, London 
Shaw &. Sons, Ltd , 1925 

5 Evster, J A E, and Meek, W J The Sequence of Fractionate Contraction at 

Different Surface Regions on the Right Auricle and Ventricles of the Dog’s Heart Am T 
Phvsiol 134 513, 1941 ’ 

6 Hairis, A S The Spread of Excitation in Tuitle, Dog, Cat and Afonkey Ventricles 
Am J Physiol 134 319, 1941 

7 Nahum, L H , Hoff, H E , and Kaufman, W (o) Formation of the R Complex of 
the Electrocardiogram, Am J Plnsiol 134 384, 1941, {h) The Nature of the S Comnlex 
of the Electrocardiogram, ibid 136 726, 1942 

8 Lewis, T, and Rothschild, M A The Excitatorj Piocess in the Dog’s Heart The 
Ventricles, Phil Tr 206 181, 1915 
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bundles, as pictured by Robb and Robb® In the dog’s left ventiicle the time foi 
impulse conduction from the endocardial to the epicaidial suiface is about 0 02 
second In the light ventricle the time is much less The rathei early actuation of 
the epicardial suiface of the anteroapical portion of the left ventricle may depend 
on Puikmje fiber pathways dipping into the wall, especially m the monkey Since 
man is also a primate, this may also be true of man Ceitam facts, particularl> the 
behavioi of the Q wave in right bundle branch block, have forced us to the con- 
clusion that the subendocardial walls of the septum, especially on the right, are 
pooily supplied by connections between the Purkinje network and the m}ocardium 
proper Hence, although septal activation may stait eaily in places, geneial activa- 
tion of the septal surfaces may be latei than activation of the subendocardial apical 
surfaces Similaily, the pulmonaiy conus, and possibly the basal rim of the left 
ventiicle, may be pooily supplied by a subendocardial Purkmje network Because 
ot the early activation of the subepicardial muscle adjoining the anteroapical part 
of the interventricular gi oove, we have assumed either that subendocardial activation 
IS eailier m these regions oi that it is eailier to invohe the whole inner muscular 
surface We have carefull} reviewed the valuable papers of Nahum and Hoff" 
and their co-workeis On reinterpretation of their results in terms of acceptable 
fundamentals we find nothing incompatible with the assumption we have made, 
except that the orientations of the surfaces ne have assumed for man diffei fiom 
those reported by Hoff and Nahum for the dog Since they reported diffeiences 
between the dog and the monkey, oui assumption is not unlikely 

The sequences of ventricular activation which we have chosen for man are 
shown in the figures and need not be stated at this point It is impossible here 
fully to recapitulate the fundamental postulates of electrocardiography, but a few 
points may be noted When a wave of excitation is moving through a ventiicular 
vail, positive charges are present in front of the wave and negative charges at its 
leai The charges are close together The electrical vector produced is drawn 
pointing from the negative electrical field to the positive electrical field, i e , in the 
direction in which the impulse is piogiessing The direction is accuratel} lepie- 
sented by having the vectoi point at i ight angles to the plane the margins of which 
are the boundary or edges of the polaiized shell at the wave front of the excitation 
wave The length of the vector is pioportional to the area of the opening in the 
polarized shell If two or more polaiized shells aie present, the combined magni- 
tude and diiection of these on the potentials of the limbs is the lesultant eflfect of 
the two vectors, which is determined by application of the principle of the paiallelo- 
gram of forces Figure 1 and its legend attempt to make the foregoing points 
clear The electiical fields are produced by the chaiges on the polaiized shell, and 
the fields are distributed through the suiiounding tissue, including both ful y 
lesting or polaiized muscle or fully depolaiized muscle Neither a fully active nor 
an inactive ventricular wall produces electrical effects or makes any contiibution to 
the electrical fields In other words, each instantaneous electrical axis observe 
during inscription of the QRS complex is produced by the charges at the ront 
of the depolarization wave and nowhere else The electrical dipoles, eac i wit i 
its positive and negative chaige, which are responsible for the 1 wa\e, are is^ 
tributed through the muscle, unlike the dipoles responsible for the QRS 
This more difficult problem is not consideied in the present paper Tie wa} 
m which these postulates are applied to the problem will be cleai from le 

9 Robb, I S , and Robb, R C The Normal Heart Anatomy and Physiology of the 
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Series, no 147, London, His Majesty’s Stationery Office, 1930 
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figmes and then desaiptions We assume that the leadei is conversant with the 
method of determining the diiection of an electiical axis by, the Einthoven equilateral 
triangle method In the pieparation of the figures which illustrate the text, obsei- 
vations weie made on human heaits in situ as exposed at autopsy, and clay models 
weie constiucted to facilitate visualization of the spatial lelations of the ventnculai 
walls 

It may be pointed out that although we believe the dipole theory of pioduction 
of the aves of the QRS complex to be the correct one, nevertheless, if the readei 
piefeis to visualize the active muscle as electiically negative and the inactive muscle 
as electiically positive, the consequences, so fai as indirect leads are concerned, will 
be the same and the description given here will still apply 

SEQUENCE OF ACTIVATION OF HUMAN VENTRICULAR MUSCLE AND FORMATION 

OF THE QRS COMPLEX 

Figuies 2 through 7 illustiate the assumptions on which we har'^e based our 
construction of the QRS complex in human beings We may lepeat that the 



Fig 1 — A and B show that the vector points from the negative side of the polarized mem- 
biane to the positive side and the length of the vectoi is proportional to the size of membrane 
(actual area), assuming the intensity of polarization is the same on the two If the membrane 
IS in muscle, the impulse is moving in the direction of the arrow Current flow is from die 
positivelv charged side around through the external medium to the negatively charged side of 
the membrane C shows that if the membrane, or shell, is curved like a cup, the vector points 
m at nght angles to the plane of the opening m the cup and is proportional to the area of the 
opening D shows two shells of unequal size E illustrates the summation of the two vectors 
shown in D to produce the resultant vector 

sequence of activation as represented fits the facts of animal experimentation, but 
that expel iment has not given all the facts needed T^is is paiticulaily tiue of 
activation of the intei ventnculai septum 

The ventiicles are shown as if rotated more on a longitudinal axis than is usual 
in the heart of a sthenic person The direction of this lotation away fiom the 
avei age position is countei clockwise when the heai t is viewed from the apex This 
lotation, which is by no means uncommon foi moie transveisely placed heaits 
enables us to illustiate the legions being activated bettei than would be possible 
with a heait in the aveiage position The light ventnculai wall is shown laigely 
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cut away , there is a hole in the left venti icle above the apex, and anothei opening 
extends through the septum, so that its left ventricular suiface can be repiesented 
in part, togethei with the light venti icular surface The opening of the tri- 
cuspid valve appears as a dark oval The vahe leaflets, the papillaiy muscles and 
other detailed stiuctuies are not lepiesented 

In figuie 2 the impulse is shown to have invaded the right and the left suiface 
of the septum, but it is assumed that the connections between the Puikinje system 
and the muscle aie incomplete on the septal surfaces (Mahaim and Winston 



Fig 2 — The heart viewed from directly in front Tlie antenoi wall of the right ventiicle 
IS cut away, together w'lth most of the anterior inaigm of the septum, and an opening is showm 
above the septum and at the apex into the left venti icular ca\ity Many crosses are showm on 
the exposed left surface of the septum and few' on the right surface to indicate that activation is 
farther advanced on the left surface The Q rector is represented by the white arrow' 
“emerging ’ from the septal w'all 


Hence, the surfaces aie lepiesented not as being fully active but as actne onh at 
certain points The number of points of activation on the left suiface is shown 
to exceed the number on the right suiface In consequence, depolarization is 

il Mahaim, E and Winston, M R Researdies on the Comparative Anatoniy and the 
Experimental Pathology of the Superior Connections of Bundle His-1 awara, Car lo ogia 
5 189, 1941 
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slightly faithei advanced on the left than on the light, and a vectoi (not quite so 
long as repiesented) appeals, pointing acioss the septum from left to right 
Follo\Mng Bayley^- and, in a geneial fashion, Lewis,'* this vector can be assumed 
to pioduce the Q wave in lead I and lead II in a heart thus rotated, in lead III it 
initiates the R upstroke With clockwise rotation of the heait, this vector is 
supposed to initiate Q 3 , as will be illustrated later 

We do not insist on this mechanism of production of the Q wave When is 
piesent m light bundle bianch block, it is not largei than the noimal Q wave If 
the 0 wave is foimed by the septum at all, left I'cntiicular effects alone must rapidly 



Fig 3 — Activation has occurred about 0 01 second later than in figure 2 Complete polarized 
shells aie shown on the endocardial surfaces of the ventricular apexes The septum is approach- 
ing full activity on both sides (see text) The vectoi is the resultant of the two apical shells, 
that on the right being regarded as larger It actually has a more forward direction than 
the picture appears to show The right shell is larger than the left because impulses travel 
less far to reach the right, than the left, side of the apex 


pi educe a vectoi winch opposes it and brings it to an end On the other hand, as 
figuie 3 shows, the next stage in activation of the subendocardial sui faces of 'the 
tvo ventiicles is the foimation of polaiized shells within the ventnculai apexes 

12 Bayley, R H Theoretical Genesis of Q as Observed in the First Three Standard 
Leads of the Electrocardiogram A Prehminarj Report, J Trop Itled 41 I 44 , 1938 
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Since right bundle bianch block does not appreciably modify Q^, it may be foimed 
b} the apical part of the septum and left ventricle, lather than, as Bayley has stated, 
by the anterior basal poition of the septal wall on the left side Since is typicallj-’ 
abolished by left bundle bianch block and not by block of the right branch, it is 
clearly a left-sided effect 

The foregoing conclusion fits faiily well the analysis repoited by Hoff and 
Nahum for the dog’s heait It is probable from their experimental results, how- 
ever, that Qi m the dog, although probably initiated subendocardially, is contributed 
to b} some posterioi poition of the caidiac wall after the impulse has penetrated 



Fig 4 — This stage shows that the impulses have biokcn through the ventricular walls 
anteriorly and apically Elsewhere a large shell has formed m both ventricles, the endocardia 
activation of \vhich is nearing completion The vector is the resultant This follows figure 
2 after about 0 02 second Septal shells are omitted in this figure because of difficulty o 
1 epresentation In this figure and in the succeeding two figures the margin of the polarize 
shell of the left ventricle should have been shown extending to the epicardial surface excep 
at the base 

the left ventriculai apex It is unlikely, because of the small size of Qi m most 
human lecoids, that this often happens in man In man the Q wave is t}pica > 
initiated before impulses have penetrated the ventricular wall at any place 

Figure 3 follows figuie 2 by about 0 01 second, but is about 0 015 secon 
after the beginning of septal invasion The septal polaiized shells are now 
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piactically complete (although shown as jf somewhat incomplete), and shells have 
been formed within the ventiiculai apexes The electrical effects of the shells on 
the two sides of the septum nearly balance each othei The two vectois, one for 
the right and one for the left ventricular apex, may be summated to give a single 
lesultant vector which points downwaid, forward and slightly to the left when the 
heait IS in this position The Q wave has already been completed The distiibution 
of the electrical potential fields is such that has just begun, R, is well on its way 
upward and Rg, initiated by the Q effect, is rising sharply 



Fig 5 — About 001 second after figure 4 and 0 04 second after the beginning of ventricular 
activation the shell has disappeared from most of the right ventricular wall and has slightly 
diminished in area in the left ventricle The solid vector is the resultant The vector now 
points somewhat backward, as well as to the left 

No further comment on this figure seems needed, except to note that in the 
dog, at least, even at the stage given, the impulses may already fully have pene- 
trated the anterior ventricular wails neai the septum, paiticularly on the right In 
the dog, also, Qi may still be in progress at about this stage 

As Harris demonstiated, confirming Lewis and Rothschild’s® calculations 
once the subendocardial spread of the impulses has begun, the progress is rapid' 
In figure 4, only 0 010 second later than figure 3 and 0 025 second after the impulse 
began to invade the septum, the excitation has traveled to involve the major part 
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of the subendocardial surface of the two ventricles It has also penetrated to the 
subepicaidial surface of the nght Aentncle, antenoily, apically and upward foi a 
distance near the septum, and less extensively the impulse has penetrated the wall 
just above the apex of the left ventricle Active muscle, just like inactive muscle, 
is electrically inert The polarized shells within the walls of the two ventricles are 
shown m the figure The shells have openings, as aheady indicated at and near 
the apex, and they have not yet grown to involve the basal ventricular margins 
The lesultant of the electrical effects of the polarized shells is shown hy the arrow 
which points downward, to the left and a little foiward The effect of this vector 



Fig 6 — A still later stage, about 0 02 second after figure 5 The posterolateral left 
ventricular shell is dominant 


is also shown as piojected on each lead Thus, has climbed higher, and Ro 
has risen less, while the downstroke of R 3 has begun, since this vector in the 
counterclockwise rotated heart points neatly at right angles to the line of lead II 
At this stage possible electrical effects from the mterventiiculai septum may e 
neglected, since the two septal vectors, one on each side of the septum, are opposite 
in direction and counterbalance each other 

Figure 5 shows a still later stage, about 0 04 second after the beginning ° ^ ^ 
QRS complex The thm-walled right ventricle is depolarized except for its basal 
margin and the region of the pulmonaij conus The relatively thin apica va 0 
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the left ventricle is also full) active, but a shell is still present in the lateial and basal 
walls, as shown The shell in the right ventricle produces a vector, of model ate 
length, which points upward, feiwaid and towaid the right The much largei 
shell in the left ventiicle pioduces a vector which points almost directly to the left 
and somewhat backward The vectoi resulting fi om the two is drawn in solid lines 
It causes to reach its apex Meanwhile Ro is descending, and So is already fai 
on Its downstroke As we shall show later, a clockwise lotated heart may not show 
an S 3 , our description applies to the lotation shown in the figuie We may sa) 
here that moderately deep S 3 waves and so-called “left axis deviation” are not 



Fig 7 — Nearly the whole ventricular musculature has become active The vector in the 
conus IS showm projected on one triangle The left ventricular vector is projected on the othei 
The small central arrow is their resultant At this stage one or the other vector may ha\e 
disappeared If the left ventiicular vector vanishes first, an S wave appears in lead I, if the 
conus vector vanishes first, there is no S wave in lead I The QRS complex is completed as 
shown, in less than 0 01 second after this stage The deflections on all figures m this paper 
are drawm to scale (3 1) 

unusual in pei sons of sthenic build, whose heai ts are placed in an av erage position 
with lefeience to rotation around an anteioposterior axis 

Figure 6 shows a still latei stage about 0 02 second after figure 5 The two 
vectoi s summate to give the vectoi shown for the left ventiicle Thus, R is 
descending, So is being formed, and S, is on its ascending; limb 
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The stage shown in figme 7 is the last one to be lepiesentecl Heie the light 
ventricular vector (now limited to the pulmonaiy conus) and the left ^entucular 
vector in the basal, posteiolateial left ventriculai wall aie separately piojected on the 
lines of the leads The cential ariow is then lesultant In the dog the conus region 
IS often, and peihaps usually, the last to be activated, but Harris found the base of 
the left ventricle to be just as late in the monkey Veiy likely there are individual 
vaiiations in lateness, both in human beings and in animals, and ceitainly there is 
consideiable variation m the terminal paits of the QRS m human beings If the left 
ventriculai vectoi is last m figure 7 , no will appear If the conus is equally late, 
or later, there will be an Si Hoff and Nahum attribute S3 to the anterioi surface of 
the right ventricle aftei activation of the posterior surface of the left ventricle The 
lesults of Lewis, of Harris and of others all show that the anterior surface of the 
right ventiicle m question must be the region of the conus, since it is the only right 
ventricular region not fully activated at the time S3 in the dog is formed In the 
dog, the heai t of which is not rotated as 111 our figures, the conus, therefore, almost 
ceitainly contiibutes to S3 and may alone be responsible for it, though other regions 
have not iigoiously been ruled out In man, depending on the position ot the 
heait, the conus may contribute to Sj 01 to S3 or to both It may be added that a 
precoidial lead from ovei the region of the conus in man usuall) shows a QRS 
complex with a teimmal, upright (positive) deflection This deflection is most 
plausibly to be asciibed to activity of the conus Electrical exploration of the chest 
in this region may help elucidate the fiequency and degiee of conus contribution to 
the QRS complex in man 

As the vectors of figure 7 die a^^ay, the QRS complex becomes complete The 
several vectors we have drawn lepresent stages in the development of the vector- 
caidiogram, which was mentioned in the introduction 

If the wall of the right ventricle weie thoroughly aimed, the effect would be 
consideiably to increase the velocity of the impulses, so that, for example, the shell 
shown m figure 4 would be stripped away eaily at a time when the vectoi pioduced 
by the left ventiicle is neai its maximum magnitude The effect would be gieatly 
to increase the height of the R wave This has, in fact, been accomplished by 
Nahum, Hoff and Kaufman,'” m the dog in a beautiful senes of expenments 
Conversely, cooling the right ventricle will cause the shell to persist so long that full 
activation of muscle of the left ventiiculai wall occurs before full activation of the 
light wall Consequently, the R vector of the left wall is almost fully countei- 
balanced by the peisisting shell in the right wall, and the R waves are greatly 1 educed 
in height Analogous, though leveise, results weie found by Nahum, Hoff and 
Kaufman to follow warming and cooling of the left ventricular wall 

In an earliei paper Kisch, Nahum and Hoff^“ leported that injection of 
potassium chloride solution into a ventiiculai wall had little 01 no effect 
electrocardiogi am In contrast, when the solution was applied to a small epicar la 
legion, deviations of the RS-T segment appeared The authois, theiefore, con- 
cluded that the electrical vaiiations lecorded by"^ the electrocardiograph weie pro 
duced exclusively, or almost exclusively^ on 01 by the epicardial suiface i o suci 
conclusion is justified, since the intramural injection of potassium chloride so ution 
produced depolarization of a region of muscle surrounded on all sides by norma 
muscle and the electrical forces are fully countei balanced, in much the same waj 
that the left ventriculai vector producing R^, for example, is partly countei ba ance 
or offset by the vector simultaneously piesent in the right ventricle 

13 Kisch, B , Nahum, L H , and Hoff, H E The Predominance of Surface o\er Deep 
Cardiac Injury m Producing Changes in the Electrocardiogram, Am Hear J > 
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Oui conception of the mechanism of production of the QRS complex is not 
new Aside from details, it is the type of explanation advanced by Lewis and by 
many subsequent investigators So far as we know, however, this is the fiist attempt 
to pi esent the explanation m some detail As furthei evidence, aside from the 
obvious implications of the experiments quoted, we refer the leadei to figme 8 , 
an electrocardiogram of the type desciibed, obtained on a healthy male subject aged 
23 The form of the QRS complex in each lead and the relative times of insciiption 
of the vaiious peaks are especially to be noted and compared wth the QRS 
complexes of figure 7 Theie is a notching of R 3 m this case, which is not accounted 
for by oui vectoi s A similai notch is not uncommon in records of this type, and it 
may be ascribed to an abiupt shift in vector direction between vector 3 and vector 
4 , probably caused by normal irregularities in the growth and decline of the right 



Fig 8 — An electrocardiogram made on a normal, recumbent, medical student aged 23 The 
QRS complex is discussed m the text In lead I, and less successfully in the other leads, 
the heart was “voluntarily” accelerated It is worth noting that the Q-T interval did not at 
once fall to the duration “normal” for the heart rate in lead I This case is further discussed 
b}' Ashman and Byer 


and the left ventricular vectors which suminate to give vectors 2, 3 and 4 Phenom- 
ena of this sort, which are also responsible for the frequently seen sphnteimg of 
low QRS complexes in lead III, will usually be visible only on wattes of low 
amplitude and are, no doubt, subject to individual variation Obviously, these 
minor, more or less individual peculiarities cannot be considered m any schema as 
simple as the one we present Returning to the subject of figure 8 , there is, 
unfortunately, no way to be certain that his heart is, in fact, rotated counterclockwise 
on its long axis since this cannot be determined fluoroscopically In support of our 
assumption that lecoids similar to figuie 8 indicate that the heart is rotated counter- 
clockwise on its long axis as compared with the average position of the heart. 
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we may refer to the old observations of Meek and Wilson They found that 
lotation of the dog’s heait on its long axis produced changes in Q and S waves 
similar to those we have pictured foi man Aside from these experimental 
observations, it is known that dilatation of the right ventricle, which usually leads 
to clockwise cardiac lotation, often causes a deepening of Sj and of Q 3 , whereas 
the leverse effects are commonly produced b> left ventricular hypertrophy And 
It IS also a matter of common observation that in early infancy, when the right 
ventiicular wall is nearly as thick as the left one, the electrocardiogram is of the 
type ascribed to marked clockwise rotation in the adult 

THE ELECTROCARDIOGRAPHIC EFFECTS OF CARDIAC ROTATION ABOUT 
THE ANTEROPOSTERIOR AND THE LONGITUDINAL AXIS 

In the previous section we have traced the electrocardiographic consequences of 
the spread of the excitation wave through the ventricular muscle To render the 
diagiams clearei, we chose a rather extreme position of counterclockwise rotation 
of the heait on its long anatomic axis as viewed from the apex We shall now pro- 
ceed to an examination of the effects produced by rotation of the heart to othei 
positions about the anteroposterior and the longitudinal anatomic axis A furthei 
woid will be said at the end of this section about the effects of cardiac rotation about 
a transverse axis Although different thoracic forms and cardiac positions may 
modify to some extent the diastolic shape of the ventricles, the electrical effect is 
apparently slight, and we have not attempted to take such influences into account 
Needless to say, a change in intrathoracic cardiac position cannot be supposed to 
influence the sequence of ventricular activation 

Figuie 9 illustrates the electrical effects of rotation of the counterclockwise 
rotated heait about its anteroposterior axis Figure 9 A recapitulates in one figuie 
the series of stages of activation which have already been described in connection 
with figures 2 through 7 The successive vectors at the six chosen stages of the 
previous section ai e numbered in sequence and are represented as if radiating from 
a common origin The dotted line, beginning at the ongin and connecting the tips 
of the arrows representing the vectors, is the approximate vectorcardiogram which 
would be recorded from this heart It may be repeated that the ventricular 
vectorcardiogram is produced by the continuous series of instantaneous electrical 
axes which inscribe the ventricular electrocardiogram, and of this infinite series, we 
have chosen just six stages as representative 

Since the stages of activation shown in figure 9 A were described in the previous 
section, we may turn to figure 9 B, which shows the same heart, with the same 
degree of countei clockwise rotation about its long axis, after it is rotated about its 
anteroposterior axis to a more transverse position It is evident that if the rotation 
IS confined to the single axis, the effect will be simply a tilting upward of the 
vectorcardiogram toward the left shoulder and equal rotation counterclockwise of 
all the vectors about the anteroposterior axis The electrocardiographic effects of 
this rotation, as compared to figure 9 A^ aie mainly to reduce the amplitude of Ko 
and Rg and to deepen So and Sg At the same time Qi may be reduced and Qo 
abolished, although, as stated previously, the true Q wave is less consistent than t le 
other deflections 

Our own fluoroscopic and roentgen obseivations have shown hearts in st «iic 
persons, the silhouettes of which w^ere similar to that of figure 9 A, which yielde 

14 Meek, W J , and AVilson, A The Effect of Changes m the Position of the Heart on 
the QRS Complex of the Electrocardiogram, Arch Int Aled 36 614 (Nov ) 1925 
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similar electrocardiograms It is, of course generally kno\%n that transverse!} 
placed hearts are likely to produce records similar to that of figure 9 B It has been 
stated that supposed discrepancies, namely, hearts in an average position (as fig 
9 A') }et showing a “left axis deviation,” demonstrate the inutility of vector analysis 
On the contrary, the signs of rotation revealed by the electrocardiogram are often 
useful, since they may reveal rotations due to pathologic conditions, some of which 
may be transient, as in massive pulmonary embolism 

Figure 9 C shows the same counterclockwise rotated heart, rotated in a clockw ise 
direction about the anteroposterior axis Such a combination of rotations is 



Fig 9 — See text for explanation Note that Si and the similarly timed wave in lead III 
show two alternative amplitudes 

unusual under normal conditions in the human heart but may occur in some cases 
of hypertrophy of the left ventricle The electrocardiogram, compared with that of 
figure 9 A, shows a Q wave in all leads, an augmentation m the height of R, and 
some decrease m R^, together with shallower Sg and S, 

We may now turn to the evidently more common condition, namely, slight 
counterclockwise rotation from the “average” position about the longitudinal axis 
The “sthenic” position of such a heart is shown in figure 10 A In contrast to the 
more strong!} rotated heart, S, is less deep and So may be absent Other changes 
are slight It may be obser^ed, however, that vector 6, which produced a small 
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Si in figuie 9 A, may heie be diiected almost straight backward, producing prac- 
tically no efifect As we have pointed out, since the smallei S waves may be pro- 
duced either by the conus or by the posterior, basal, left ventricular wall or by 
both, depending on the relative times of full activation of these regions, variability 
in small S waves is to be expected Such variability is actually observed S 3 in 
figure 9 A, on the other hand, is a postei olatei al left ventiicular effect, produced 
in the region which contributes to R^, and is not subject to variation in the same 
way 



Figuies 10 B and C illustrate, lespectively, the effects of rotation to a more 
tiansverse and to a more vertical position The transversely rotated heait shows 
a deepei S 3 and a low R 3 , and So is likely to be present Ri is higher The ot^r 
changes from the “sthenic” position are unimportant The vertical heart (fig ) 
reveals a higher Rg and a less deep S 3 , together with a much lower Ri This recor 

IS not common . 

Figure 11 shows a senes of hearts which aie lotated slightly in a coc<wise 
direction from the “aveiage” about the longitudinal axis Probabl}’’ moie 
hearts fall into this group than into any other single one, though it must a so 
stated that vertical heaits 111 particular, show this type of record, wiereas ran 
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verse hearts are more likely to show some degiee of countei clockwise lotation 
In contrast to the previous series of rotations, the vectorcardiogiam, emerging from 
the origin, cncles now to the left and then to the light and upwaid, to regain the 
origin with disappearance of Si We now find in figure 11 ^ that Qi is absent and 
■Qa IS present Rj and Rg are of neaily the same height Si is present, and 
S 3 , unless contributed by late activity of the conus, is absent 

When this heart is rotated to a transverse position, as in figure 11 B, Ri 
becomes highei and R 3 lower Q 3 becomes piominent This electrocaidiogiam 



occuis fairly commonly in obese persons, particulaily women peihaps, and in 
piegnant women In these persons the electrocardiogram is presumably often made 
from a heait of the figure 11 ^ type pushed towaid or to the figure 11 B position 

Another, commoner, picture is that of figure 11 C It is characteristic of tall, 
slendei pei sons Rj^ is low , Rg and Rg are relativel)^ high Sj^ is present, and there 
are often S, and an S 3 , depending on the relative contiibutions from the posterior, 
basal, left ventriculai wall and the pulmonaiy conus 

We finally come to the series of figure 12 The heait is heie lotated strongly 
in a clockwise direction, as viewed from the apex In the “sthenic” position (fig 
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12 A), except for the depth of Sj, the picture differs but little from that of figuie 
11 A The stiongly rotated vertical heart (fig 12 C) shows a lelatively high R, 
Although the electiocardiograms of figure 12 are encountered m some normal 
pel sons, they have a special bearing on the changes which appear in association with 
massive pulmonary embolism oi other conditions associated with dilatation of the 
light ventiicle Obviously, patients whose hearts are in any position of rotation 
may fall victim to pulmonary embolism If the antecedent position was one of 
consideiable counterclocloMse rotation (fig 9), only a great degree of dilatabon of 



Fig 12 — Sec text for explanation 


the light ventricle could pioduce the picture of figuie 12, wheieas much less dilata- 
tion could lotate the heart of figuie 11 to this moie extreme position Undoubtedly, 
this is one of the factors which pi events the development of the charactei istic electro- 
cardiogram m cases of pulmonaiy embolism Dilatation of the left ventiicle appeals 
to be capable of producing i datively little rotation of the heait about the long axis 
since the ventricle is free to bulge backwaid 

The rotations which have been desciibed, both in noimal conditions and in 
conditions which lead to dilatation of the right ventricle, are associated with con 
sistent rotations of the ventiicular gradient, resulting m characteristic changes m 
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the T wave These have been desciibed in pait by Ashman and Byer A paper 
to be published shows the cardiac silhouettes of a number ot subjects Almost 
without exception, we could have piedicted the intiathoiacic position of these hearts 
from the electrocardiogiam alone 

EFFECT OF CARDIAC ROTATION ABOUT THE TRANSVERSE AXIS 

The foregoing analysis takes account of electiocaidiogiaphic variations lesulting 
fioni lotation about only two of the three possible axes of rotation, namely, the 
longitudinal and the anteroposterior It is evident that in some persons the lieait 
must be relatively vertical, for example, not only with reference to rotation about 
the anteropostei 101 axis but with reference to rotation about a tiansveise axis 
Such a person would have a nariow anteroposterioi thoracic diameter, as a rule, 
and would possess a tiuly so-called “diopped heait” The electiocardiographic 
effects may be mferi ed from figui e 1 1 C, which shows a heart rotated slightly clock- 
wise and veitically with respect to the anteroposterioi axis If the apex of such a 
heart were pushed back or the base pulled forward, vector 1, which points forward 
and slightly to the left and upward, would point slightly to the left and downwaid 
Consequently no Q wave would appear in any lead, the Q effect now appearing as 
the beginning of the R waves This essentially follows the analysis of the Q wave 
as given by Bayley At the same time vectors 2 and 3 would point more directly 
downward, and this would accelerate the upstroke of Ro and Rg Vector 4 points 
downward, to the right and backward The rotation will cause it to become shorter, 
as projected on the frontal plane, so that Rg will be reduced m height, unless the 
shortening of vector 4 is compensated for by the lengthening of vector 3 Vectors 
5 and 6 will point more neaily directly upwaid than they do in the figure, and this 
will deepen the S wave in all three leads Such electrocardiograms, displaying little 
01 no Q wave, a rather low Ri, a higher Ro and a well marked S wave m all three 
leads, are by no means uncommon In many instances, at least, they are associated 
with the postulated body build 

Some electi ocai diograms of the type described in the previous paragiaph show 
lelatively low R waves in all leads This cannot be explained on the basis of our 
diagrams, but it is quite consistent with the experimental findings of Hai i is ° It 
may be recalled that the wave of excitation reached the anteroapical epicaidial 
surface of one of Harris’ monkeys somewhat earlier than in the other If this 
early penetration of the walls means that epicardial activation occuis before the 
shells pioducing vectors 2 and 3 have expanded within the ventricular wall, then 
these vectois will be distinctly shoiter than they are lepresented in our diagiams 
When such a heart is “dropped” the R waves will be relatively low As a matter of 
fact, the observations of Ashman and Byer and the expeiimental results of Hoff 
and Nahum obtained on the dog suggest that our vectors 2 and 3 aie, in fact, 
lelatively a little longei than they aie in reality in many human hearts We ai lived 
at this conclusion only aftei our figui es weie diawn Had the vectois been made 
shoi ter, the effects would be slight except in a few cases, particularly in the case of 
the “dropped” heart 

A second, fairly laige, class of electi ocardiograms is similar to those of figui es 
l\ A and C and \2 A and C, but no S wave is piesent in lead H and R^ and R, 
are relatively higher This is the picture which would be pi oduced by pulling the 
apex slightly foiwaid oi pushing the base backward Vectoi 4 is lengthened by 

15 Ashman, R , and Byer, E The Normal Human A^entricular Gradient I and II , Am 
Heart J 25 16 and 36, 1943 

16 \shman, R , Gardberg, ^I , and Byer, E To be published 
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this lotation about the tiansverse axis, vector 5 may point moie towaid the 
galvanometei electrode on the left leg than towaid that on the right arm, and 
vectoi 6 points neaily at right angles with the line of lead II In a few instances 
we have been able to observe that subjects whose records are of this type 
are distinctly deeper chested than those with “diopped” hearts Extensive future 
coi relation is needed, however, before we can assert that the suggested differences 
are geneially consistent 

A third type of electrocardiogram is illustiated by oui senes only as an 
alternative form in figure 9 B and shows a W complex in lead I, namely a distinct 
Q-i, an Rj which may be high and a distinct, but not deep, Sj In lead III there 
are a low R wave, an S wave, the depth of which is variable, and a final upright 
deflection (M complex) When S3 is more than 2 or 3 mm deep, at least, a 
comparison of the QRS axis and the ventricular gradient indicates that the heart 
IS rotated moie or less counterclockwise This may represent a heart of the type 
shown in figure 10^ or R or 9 A or B but with the apex farther forward or the 
base farther back Vector 5 and the pulmonary conus could still write an S3, but 
vector 6, now pointing downwaid and to the right, being produced by late activation 
of the conus, could give a final S ^\ave in lead I and a final upward deflection aftei 
the inscription of S3 We have not been able to confirm this suggestion, wdiich at 
best might be difficult to prove bj^ fluoroscopic or other evidence 

Only one other fairly common type of electrocardiogram remains, wdiich is not 
covered by otii series It is the type showing a Q wave in all three leads and no 
S w'ave Such a picture will result if the base of a nonrotated heait is tilted 
backw ard 

Our diagrams also fail to illustrate an intermediate tj'pe, wuth no rotation on 
the long axis, namely, what ■we call the average position of rotation for w^aiit of 
a better term At this position the plane in wdnch the vectors he wull be seen 
edgewuse If the heait is slightly transveise. the largei vectors, namely, vectors 
2, 3, 4 and 5, may have a direction at right angles to the line of lead III Undei 
these circumstances, a slight deviation of the vectors, one out of the common plane 
to one side, another a little bit to the other side, etc, will produce a splinteiing 

of a low QRS3 This IS, of course, a perfectly normal phenomenon as even 

electrocai diographer know^s 

COMMENT 

In a papei by Ashman and Bj^ei,^® wdnch studies the relation between the 
QRS complex and the ventricular giadient, the conclusion is 1 cached that the mean 
or aveiage, electrical axis of the QRS complex in a few' normal hearts may point 
diiectly backw'aid or even baclward and slightly upward This conclusion would 
have seemed incredible to us, had it not been foi the lesults of the piesent study 
It w'lll be noted, howevei, that vectoi s between 2 and 3 in oui figures point 

relativel)' fonvard foi about 0 02 second, wdiereas vectors betw een 4 and 5 point 

relatively backwaid for at least 0 03 second Fuithermoie, the average length 0 
the vectors betw'een 4 and 5 in three dimensional space is at least double the average 
length of vectors between 2 and 3 Hence, since the larger vectors point 1 elative a 
backw'ard foi a longer time, and the shorter vectoi s point relatively forwar 01 
a shelter time, the mean electiical axis of the QRS complex wall point re atn'e } 
backw'ard, that is, backwaid, downward and usually to the left But in some 
“diopped” heaits, particulaily when anteiioi subepicai dial activation is re ative } 
eaily, the mean QRS axis may point stiaight backw'aid at right ang es to i 
frontal plane or even backward and upward When the mean axis is m ica e 
on a good model of a heart and the heait is placed in a veitical position, this is easA 
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to visualize In suppoit of this conclusion is tlie pictuie often seen aftei antero- 
lateial infaiction, which has eliminated much of the left ventricular muscle which 
noimally contiibutes to vectois 2 and 3 QK-S^ is low, often with a deep Q wave; 
R, and Rg aie lov, and there aie a deep Sa and Sg The mean electrical axis under 
such ciicumstances points backward and upward, its upwaid dnection being gi eater 
than in any normal heaits We have obseived axes which point backward and 
slightly upwaid in conditions, such as bronchial asthma, which, by one mechanism 
01 another, lendei the heart more veitical We do not intend to deny by this 
analysis, however, that some distoition of the electrical fields by the thoiacic 
configuration and by the lungs may not contribute a little to the relatively backward 
dnection of the mean QRS axis We do believe that such factors aie of secondary 
impoi tance 

Finally, we may inquire into the beamig our analysis has on the moot question 
of the validity of the Einthoven triangle method of determining the directions of 
the electiical axes It may be pointed out again that we exeicised considerable 
care in fixing the orientation relative to each other of the ventriculai walls and 
then lelative thickness in different regions From roentgenograms the range of 
variation with respect to the anteroposterior axis is well known The degrees of 
rotation aioujid the longitudinal axis cannot be directly determined from a loent- 
genogram, and the amount of rotation is largely inferential Our clockwise and 
counterclockwise rotations probably represent the exti ernes under noimal con- 
ditions The vectors have been drawn m accordance with the best evidence from 
investigations on animals and human beings, and their approximate coiiectness is 
supported by the comparison of the QRS axis and the ventricular giadient It is, 
of course, impossible to be sure that the various rotations suggested by the electro- 
cardiogram of any subject are actually present Neveitheless, the coi i espondence 
between the constructed electrocardiograms and those actually observed is close It 
IS so close, in fact, that the presumption is strong that the dnection of a vector as 
recorded is nearly its true direction in a large majority of peisons Wilson and 
Johnston ^ were evidently of the same opinion It may be recalled that theie aie 360 
degrees in a circle Even if the recorded direction of a vector is often in error by 
±10 degrees, which seems to be a reasonable limit of error, this 20 degree range is 
only 112 per cent of a half circle, as small an error as is found m other detei mma- 
tions 01 measurements of admitted usefulness in medicine Even if there were no 
error (which is impossible except as a rare coincidence), the absolute dnection of 
the axis is of fai less importance than the comparison between the direction of one 
vector, foi example, the mean QRS axis, and of another vector, such as the 
\entricular giadient It is reasonably certain that the error which affects the one 
will affect the other almost equally and in the same sense In this case it becomes 
irielevant wdiether the directions indicated are quite accurate It has been stated 
that the fact that a patient’s elecrocardiogram often fails to reveal a left axis 
deviation m the presence of left A'^enti icular hypertrophy proves that vector analysis 
IS invalid On the contrary, vector analysis, with roentgen suppoit, has shown 
that not all patients with left ventricular hypertrophy should show left axis 
deviation, and the analysis has enabled us much more accurately to recognize the 
hypertrophy in the absence of the deviation This wall be considered in a latei 
paper 

It IS, of course, true that there aie ceitain conditions in wdiich the direction of 
the vector as determined cannot safely be regaided as its approximately true 
dnection These conditions include some cases of pulmonary disease, pleural 
effusions, pneumothorax, extreme scoliosis or kyphosis and possibly adhesive pen- 
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carditis In bionchial asthma dtiiing an attack, duiing deep inspiiation liy a noimal 
subject and possibl)'’ in peiicaidial effusion, the erroi may be magnified The 
presence of fluid m the thoiax oi abdomen will i educe the magnitude of the vectois 
However, the changes pioduced liy lespiiation, as illiistiated, for example, in 
Master’s useful book, can be fully explained on the basis of the changes in cardiac 
position 


SIjMMAR\ 

An analysis is piesented of the QRS complex of the human electrocardiogram 
and of the variations in that complex which should appear when the heart is rotated 
to different positions within the thorax Among different subjects there aie 
considerable difteiences in the caidiac position within the thorax, and the effects 
of these differences aie explained In making the analysis we have correlated (1) 
experimental findings in the experimental animal, (2) known effects of rotations 
of the heart in man pioduced by noimal procedures or certain pathologic con- 
ditions, (3) known effects of bundle branch block and of infarction in man, and 
(4) mformation derived from studies of precordial leads Less attention was 
given to the conflicting anatomic studies of the Purkmje system In order to 
visualize the electiical events in three dimensional space, clay models have been 
used 

The reader must judge for himself how^ successful the analysis has been We 
are convinced that m a large majoiity of subjects the directions of the electrical 
axes as revealed by the limb leads and as pi ejected on the frontal plane are coriect 
within ±: 10 degiees, and the usual erior may be less than this It is pointed out 
that even if the ei i oi should be gi eatei the value of vector analysis is not thereby 
impaired in its moie important applications 

Mr W B Steuait, of tlie art department of the School of Medicine, made the figures 
illustrating this paper 

17 Master A M The Electrocardiogiam and X-Raj Configuration of the Heart, ed 2, 
Philadelphia, Lea 5^ Febiger, 1942 
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In the general theiapeutic program outlined foi the patient who has aithntis 
physical therapy has come to play one of the central roles The physical thera- 
peutic measuies, considering the usual chronicity of the types of arthritis treated, 
must be applied persistently and patiently over a long period It can be fairly 
stated that most likely in every case of chronic arthritis home treatment with 
physical measures finds a place, either as a less elaborate continuation of the 
beneficial measures carried out in a physical therapy department by trained pei son- 
nel or as a primary home regimen of simple physical measures Because of the 
chronicity of the more common types of arthritis and because the average patient 
With the chionic form of arthritis is unable financially to continue with indefinite 
institutional treatment, an organized plan was developed at the Mayo Clinic for 
encouraging arthritic patients to carry out simple physical therapeutic measures 
m the home under the supervision of physicians in their home localities The 
three mam groups of physical measures employed are ( 1 ) thermal measures, includ- 
ing heat, cold and contrast baths, (2) massage and manipulation, and (3) exercise, 
including general postural training The specific physical procedures advised for 
application at home, as adapted to the individual case and to the varying home 
facilities, have been considered m detail in previous articles 

Many and varied are the ways of utilizing each of these three groups of essential 
measures, and it is important that the arthritis in each case be considered from 
the standpoint of causation, type, severity, duration, joints involved and expected 
results and then individualized treatment be planned, if real and lasting benefit is 
to be expected from physical therapy For several years a plan has been in effect 
at the clinic whereby every arthritic patient seen by a physician in the Section on 
Physical Therapy is pi escribed for individually and is given a minimum of one 
instructional tieatment by a trained technician The patient is instructed duiing 
this demonstration treatment in just how he is to carry on treatment at home 
A few additional instructional treatments are recommended when this fits in with 
the patient’s temporal and financial economy , in addition, on dismissal, each patieiit 

'^'Fellow in Medicine, the Mayo Foundation 

t From the Section on Physical Therapy (Dr Krusen), the Mayo Clinic 

1 (a) Hench, P S Chronic Arthritis, in Barr, D P IModern Medical Therapy in 
General Practice, Baltimore, Williams & Wilkins Company, 1940, vol 3, pp 3298-3397 
(b) Hench, P S , Bauer, W , Boland, E , Dawson, M H , Freyberg, R H , Holbrook, 
W P , Key, J A , Lockie, L M, and McEwen, C Rheumatism and Arthritis Review 
of the American and English Literature for 1940 (Eighth Rheumatism Review") Ann Int 
Med 15 1002-1108 (Dec) 1941 (c) Krusen, F H Physical Therapy m Arthritis with 
Special Reference to Home Treatment, JAMA 115 605-615 (Aug 24) 1940 (d\ Phv";!- 
cal Therapy m Arthritis, New Yoik, Paul B Hoeber, Inc, 1937 
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IS given detailed exact wiitten instructions In othei woids, physical therapy is 
presciibed as individually and specifically as any other medical or therapeutic 
measure 

It IS recommended that whenever possible patients should have piofessional 
physical therapy twice a eek to supplement and furthei guide the home i outine 
In the majority of cases, however, facilities for these regular weekly or twice 
weekly additional tieatments by a skilled technician are not easily a\ailable 

We realize the obvious difficulty of evaluating any treatment for chronic arthritis, 
especially when such tieatment is only one part of a complete well planned program 
of general treatment which the patient is advised to cany out under the general 
supeiwision of his physician Neveitheless, from the purely practical standpoint 
w'e felt It would be interesting and valuable to know wdiether the patients ^vere 
carrying out their presciihed tieatments and foi how long Also, we wanted to 
know'^ whether the patients themselves believed that the physical treatments were 
helping them After all it is important to know if the patients think the treatment 
IS beneficial This does not prove that it is, but it does indicate m a sense whether 
it IS wmrth while to continue prescribing it 

In order to answer these questions a follow'-up study was earned out, winch 
proved interesting to us 


Table 1 — Types of Aitlintts 


a-jpe 

Ao of Cases 

Percentage of Cases 

Rheumatoid arthritis 

97 

44 5 

Osteoarthritis 

Sf 

38 5 

Periarthritis of shoulder 

17 

78 

Traumatic arthritis 

S 

1 4 

Psoriatic arthritis 

3 

14 

Arthritis of questionable t>po 

3 

14 

Total 

207 


Cases not used in detailed analyses 

11 

50 

Total 

218 

100 0 


^LYSIS or DATA 

The 346 cases analyzed in the follow'-up study were taken at random from 
a group of several thousand cases encountered during 1940 In each case, a 
diagnosis of arthritis of some type had been made as one of the major diagnoses 
and the patient had been seen in consultation in the Section on Physical Therapy 
Follow-up data, in response to a questionnaire, have been obtained in 218 of die 
346 cases 

The simple distribution of the types of arthiitis m this group of 218 cases is 
given in table 1 There were 97 cases (44 5 pei cent) of rheumatoid aithiitis in all 
stages and 84 cases (38 5 per cent) of osteoarthi itis m this gioup In some cases 
of the latter disease secondary fibrositis Avas associated, but the piimaiy difficulty 
was considered by the clinician m each case to be osteoarthritis In 3 cases the type 
of arthritis could not be ascertained definitel)^ Eleven cases were not used in the 
detailed analysis of the results in the A'^anous types of arthritis foi miscellaneous 
reasons, such as uncertainty as to diagnosis, unrelated coincident illness Avhich com 
plicated the condition, the use of unorthodox treatments in addition to the lecom 
mended tieatment and the carrying out of the treatment in a definitely uniecom 
mended manner 

The numbei of cases m Avhich patients cairied out the whole treatment 
mended or a significant part of it for A^arious interA^als of time is given in ta i e 
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Since the study was made of cases encountered in 1940 and since the questionnaiies 
weie sent out in December 1941 and January 1942, a patient could have earned 
out the treatment for a maximal period of one to two years 

Of the whole group of 218 cases studied, in only 16 (7 3 per cent) was the 
home treatment not carried out at all This included cases m which patients did take 
some physical therapy but for various reasons did not follow the recommended 
home tieatment It is seen further that in about two thirds of the cases the treat- 
ment was can led out for three months or longer, and in more than a fourth of them 
the patients were still doing at least part of the treatment one year or more aftei 
leaving the clinic On the questionnaire the patient was asked merely, “Do you 
think you were benefited by the home treatment ^ Please describe briefly ” Benefit 


Table 2 — Length of Tune Tieatment Was Continued at Home 


No of Months 

No of Cases 

Percentage of Oases 

02 

61 

280 

35 

32 

14 71 

611 

51 

23 4H>4 7 

12 or more 

5S 

26 6J 

No home treatment 

16 

73 

Total 

218 

100 0 


Table 3 — Subjective Evaluation of Benefit fiom Tieatment at Home 




Grade of Benefit 


No Home 

Total 


r 


i 


^ 

Treatment 

No of 

Type of Arthritis 

+3 

+2 

+1 

0 

—1 

No of Cases 

Cases 

Rheumatoid arthritis 

42 

27 

16 

12 

0 

0 

97 


(43 3%) 

(27 8%) 

(16 5%) 

(12 4%) 



(100%) 

Osteoarthritis 

33 

20 

7 

10 

3 

11 

84 


(39 3%) 

(23 8%) 

(8 3%) 

(11 9%) 

(3 6%) 

(13 1%) 

(100%) 

Periarthritis of shoulder 

8 

4 

5 

0 

0 

0 

17 

Traumatic arthritis 

1 

1 

0 

1 

0 

0 

3 

Psoriatic arthritis 

3 

0 

0 

0 

0 

0 

8 

Arthritis of questionable type 

0 

3 

0 

0 

0 

0 

3 

Oases not used in detailed analysis 

1 

0 

3 

2 

0 

5 

11 


" — ■ 

- I — 

- 

— — 

- 



Total 

88 

55 

31 

25 

3 

16 

218 

Percentage 

40 4 

25 2 

14 2 

11 5 

14 

73 

100 


\ 

79 8 


V 

2oT 




was graded as follows An enthusiastically favorable reply, more than just “yes,” 
was graded plus 3 , a simple unqualified “yes” m answer to the question was graded 
plus 2, “yes” with qualifications was graded plus 1, no benefit, no harm or a 
simple “no” was graded 0, and the reply “Harmed by the treatment” was graded 
minus 1 A detailed analysis of the patients’ subjective evaluation of the tieatment 
IS given in table 3 

Of all cases, the patients in 3 (14 per cent) thought they were harmed by 
the tieatment, the patients in 25 (115 per cent) carried out the treatment but 
thought they did not receive any benefit and the patients in 7 3 per cent, as pre- 
viously mentioned, did not follow the home treatment at all, which left about four 
fifths of the cases in which patients reported that the treatment gave them some 
benefit oi lelief In about two thirds of the cases patients answered without quahfi- 
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cations (“yes” or better) that they weie benefited, and in about two fifths they 
were actually enthusiastic about the benefit they thought they received by carryw<r 
out the physical treatment at home 

In addition to the evaluation of the benefit in all cases, the benefit obtained iii 
cases of rheumatoid arthritis was compared with that obtained in cases of osteo- 
arthritis In none of the 97 cases of rheumatoid aithritis did the patients fail to 
carry out the treatment oi think they were harmed by it The responses in 43 3 
per cent of cases were graded plus 3, those m 27 8 per cent weie graded plus 2, 
those m 16 5 per cent were graded plus 1, and those in 12 4 per cent weie graded 0 
(no benefit) The responses in 39 3 per cent of the 84 cases of osteoarthritis were 
giaded plus 3, those m 23 8 per cent were graded plus 2, those in 8 3 per cent 
weie giaded plus 1, those in 119 pei cent were graded 0, and in 3 6 per cent 


Table 4 — Effect oj Nutubet of Iiistmctwml I rcatmcnts on Results of Tieatment of 

Rheumatoid Artlnihs at Home 
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obtained some degiee of benefit, since they were still carrying out the treatment a 
vear after it was prescribed or since they stopped because of improvement, and (2) 
cases in which patients weie considered as not proved to hai'^e obtained benefit, since 
they had stopped treatments for some reason other than improvement Of course, 
some cases were included in the latter group in which the patients, though receiving 
benefit, stopped the treatments for leasons other than improvement, such as lack 
of equipment, facilities or aid or simple neglect This was admittedly an aibitrary 
separation but seemed the simplest gross division of cases into those m which 
benefit ceitamly occurred and those in which unquestionable benefit did not occur 

Included in the group of cases of rheumatoid arthiitis were those in which 
patients received only one instiuctional treatment, those in which the patients had 
two or more treatments and a third set of cases in which the patients, in general 
more seriously ill, entered the hospital and followed a definite intensive routine for 
three weeks, consisting of an aveiage of twent}'’ treatments, with instruction before 
dismissal on how to continue at home 

Of the cases of iheumatoid arthritis, benefit w^as obtained, accoiding to our new 
ciiterion, in 56 1 per cent of the 57 cases m wdiich patients had the usual single 

Table 6 — Sedimentation Rates of Eiythi ocytcs 


Eheumatoid Arthritis Osteoarthritis 

Sedimentation Rate, , , , ^ ^ — * 


Mm /Hr 

^o of Cases 

Percentage of Cases 

No of Cases 

Percentage of Cases 

0 9 

14 

9 3) 

2J 

29 ij 



)213 


)03 3 

1019 

18 

12 Oj 

31 

39 2) 

20 29 

IS 

12 0 

19 

24 1 

30 39 

19 

12 7 

4 

5 1 

40 99 

00 

44 0 

2 

25 

100 or more 

15 

10 0 



Total 

150 

100 

79 

100 


instructional treatment, in 85 7 per cent of the 14 cases in which patients had two or 
more instructional treatments and m 68 per cent of the 25 cases in which patients 
followed the hospital routine If we total the last two sets of data, we have 39 
cases of rheumatoid arthritis, in all of which two or more treatments were given 
and in 74 4 per cent of which benefit resulted from treatment at home In 61 (63 5 
per cent) of the total of 96 cases of rheumatoid aithritis, benefit resulted from 
treatment at home 

Likewise, of the cases of osteoai thritis, benefit was obtained in 62 3 per cent of 
the 69 cases in which patients had received just one instructional treatment and in 
69 2 per cent of the 13 cases in wdiich patients had received two or more treatments, 
while in the total of 52 (63 4 per cent) of the 82 cases of osteoarthritis in which 
patients were given instructional treatments, benefit was derived from home 
ti eatment 

The consultants in the Section on Physical Therapy have ahvays been reluctant 
to give instruction without any demonstration treatment, but in 1 case of rheu- 
matoid arthritis and in 2 cases of osteoarthritis this was done In 2 of these 3 
cases, incidentally, the patients stopped their treatment for reasons other than 
improvement 

A b) -product of this stud) is observations on the sedimentation rates of the 
erjthrocytes in 150 cases of rheumatoid arthritis and in 79 cases of osteoarthi itis 
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We weie able to include more cases of ‘iheumatoid arthritis here than m the mam 
study, since we could include those cases in which questionnaiies were sent and 
lecoids weie analyzed but m which no response was obtained The sedimentation 
rates obtained in these cases are given in table 6 and in the figure With 19 mm 
per houi taken as the uppei limit of normal, the sedimentation rates were moie rapid 
than noimal in about four fifths of the cases of rheumatoid arthritis but in only 
about a third of the cases of osteoarthritis Whereas the sedimentation rates weie 
more than 40 mm per hour in only 2 5 per cent of the cases of osteoarthritis, they 
weie moie than 40 mm per hour in moie than half of the cases of rheumatoid 
aithiitis In the figuie these same facts are set forth strikingly, the precipitous 
drop that occurs in the curve for the cases of osteoarthritis as soon as the rates are 
beyond the noimal range should be compared with the slow steady drop of the 
curve for the cases of iheumatoid arthritis 



Sedimentation rate m mm per hour 

Sedimentation rates in cases of osteoarthritis and of rheumatoid arthritis The line marked 
normal is drawn at the lower limit of the abnormally increased rates 

COMMENT 

The most significant fact obtained from this study is that in 92 7 per cent of 
cases aithiitic patients carried out physical theiapy in the home as pi escribed and 
outlined foi them Furthermore, the facts that in 64 7 per cent of cases the patients 
weie continuing the treatments for three months or longer after dismissal from tie 
clinic and that in 26 6 per cent of cases they were still carrying on at home a year 
after dismissal appeared equally interesting These observations indicate that i 
physical measures are prescribed individually and in some detail, they will be o 
lowed 111 the home by the patient as definitely and carefully as any other form o 
presciibed treatment It might be stressed that this large percentage of patien s 
continued their i egimen, in most cases, under the direction of their physician in t leir 
home locality without making any return visits to the clinic for further instruc ion 
or encoui agement and without supplementary professional physical therapy ^ 

As to the subjective response of the patients in an evaluation of benefit recen e , 
we realize that this is not proof of “cure” oi even of benefit for arthritis y 
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home use of physical measures Certainly many, in fact most, of these patients weie 
placed on a complete therapeutic legimen, and credit is not being claimed for physical 
therapy as the only beneficial part of the program Nevertheless, the patient’s ideas 
as to whethei the pi escribed physical measures were of benefit are valuable, because, 
after all, patients come to us as physicians for help If patients as a large group 
state that the prescribed progiam of home-applied physical therapy definitely gives 
them benefit, then until more specific remedies can be prescribed for the different 
types of aithritis, we aie certainly encouraged to think that it is woith while to con- 
tinue presci ibmg home physical therapy which m 40 4 per cent of cases our patients 
enthusiastically say helped them and which in 79 8 per cent of cases our patients 
think gave them some benefit and relief 

From the more detailed analysis we can draw one othei conclusion which was 
more oi less anticipated The patients who had iheumatoid arthritis in general 
were more enthusiastic about the amount of benefit they received than weie those 
who had osteoarthiitis Yet if we compare the simpler criteria of help received by 
the treatment by comparing the totals in tables 4 and 5, we see that in comparable 
series of cases of iheumatoid arthritis and of osteoarthritis, the percentages were 
almost identical, 63 4 and 63 5, for cases in which patients either were still con- 
tinuing the tieatments aftei a yeai or had stopped because of improvement This 
indicates that although the patients who had rheumatoid arthritis responded more 
enthusiastically, as we would expect, nevertheless, as a whole, in about the same 
percentage of cases the patients who had osteoarthritis and those who had rheuma- 
toid arthritis failed to carry on because of lack of some measure of impiovement oi 
benefit 

The other really worth while conclusion from tables 4 and 5 is that it is certainly 
of importance, wherever possible, for patients to take more than one instructional 
treatment Of the group of cases of rheumatoid arthritis, there was more improve- 
ment in those cases in which patients took two or more instructional treatments 
than in those cases m which patients had only one instructional treatment At first 
glance there also seemed to be more improvement in the former cases than in those 
111 which patients weie given the more strenuous routine of twenty instructional treat- 
ments at the hospital This, however, is undoubtedly due to the fact that as a group 
the patients for whom the hospital course was advised were much sicker In spite 
of this, we see that in more cases (68 per cent as compared with 56 1 per cent) 
those patients who took the hospital routine of treatments did well than did their less 
seriously afflicted fellow patients who took only one instructional treatment If all 
cases in which the patients with rheumatoid arthritis who took two or more instruc- 
tional treatments are considered, we see at a glance that these patients had a signifi- 
cant advantage over patients who took only one instructional treatment (improve- 
ment in 74 4 per cent of cases as compared with 56 1 per cent) 

In cases of osteoarthritis a similar difference in percentage occurs, though not 
as great, there was improvement in 692 per cent of the cases in which patients 
took more than one instructional treatment as compared to 62 3 per cent of the 
cases in which patients had only the one This only means that in osteoarthritis 
It IS not as important, though still of some possible value, to encourage the 
patient to take an extra instructional treatment or two 

The physical measures advised for home use are all simple and may be adapted 
to the most meager facilities , yet they must be learned accurately and carried out 
precisely if they are to give maximal benefit The extra instructional treatment or 
two seems to impress on the patient to a greater extent just what and how he is to 
carry on at home Many patients think they can just read instructions and follow 
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them Our expenence indicates that when, in addition to printed instructions, a 
demonstration treatment, or better two, is given the patient learns more readily just 
how he should carry out the prescribed measures He is then more likely to con- 
tinue with the treatments and to derive the desired benefit When a patient does take 
a couple of treatments weekly from a skilled technician, as is advised whenever pos- 
sible, it IS important that he be warned that any such program is entirely inadequate 
if the home part of the routine between professional treatments is neglected 

Table 6 is included merely as an interesting summary of the sedimentation late 
of the erythrocytes in comparable series of cases of rheumatoid arthritis and of 
osteoarthritis In general, the distribution of the sedimentation rates as we found 
them in rheumatoid arthritis and in osteoarthritis was about the same as those 
already reported in the literature ^ The rheumatoid arthritis was of all stages, and 
this accounts for the fact that sedimentation rates were within the normal range in 
213 per cent of the cases In 68 3 per cent of the cases of osteoarthritis the sedimen- 
tation rate was within the normal range, and in only 2 cases was the sedimentation 
rate moi e than 40 mm per hour The sedimentation rate is not a specific test and 
IS elevated under many circumstances, and, as would be expected, we found that 
associated and coincidental processes accounted for many of the sedimentation rates 
that were more than normal in the cases of osteoarthritis 

SUMMARY 

A follow-up study was made in 218 cases of all types of arthritis in which home 
physical therapy was prescribed Of these 218 cases, patients in 92 7 per cent 
carried out the pi escribed treatments at home and in 64 7 per cent continued the 
treatments for three months or longer Patients who received more than one 
instructional treatment were more likely to carry on the regimen at home with 
improvement than weie those who had only one 

In approximately 4 out of 5 cases of arthntis patients thought they were benefited 
by the use of home physical measures, and in 2 out of 5 they were definitely enthusi- 
astic m their replies In general, patients who had rheumatoid arthritis were more 
enthusiastic about the benefit received than were those who had osteoarthritis, but 
on rough analysis the beneficial results obtained by both groups were comparable 

Data on the sedimentation rates in 150 cases of rheumatoid arthritis and in 
79 cases of osteoarthi itis were presented 

CONCLUSIONS 

To be effective m the therapeutic program of a case of arthritis, physical therapy 
should be carried on daily over long periods of time in the home Each patient 
should be prescribed for individually by a physician and should be instructed in one 
or more demonstration treatments just how he is to carry on at home When 
physical therapy is prescribed with proper care for arthritic patients and the patients 
are instructed with sufficient detail, a gratifying number of them continue the treat 
ments at home and feel that they are benefited in so doing 

Mayo Clinic 

102 Second Avenue Southwest 

2 Slocumb, C H Differential Diagnosis of Periarticular Fibrositis and Arthritis, 

J Lab & Clin Med 22 56-63 (Oct ) 1936 Hench 



EFFECT OF EXERCISE ON BLOOD PYRUVIC ACID 

OBSERVATIONS ON TRAINED AND UNTRAINED NORMAL SUBJECTS 
AND ON PATIENTS WITH HEART DISEASE AND 
WITH HYPERTENSION 

ZALE A YANOF, MD 

CHICA^GO 

An increase of lactic acid in the blood and tissues following exercise is one 
of the classic observations in physiology Since this discovery an extensive litera- 
ture has accumulated on changes in lactic acid as related to work, training and 
fatigue More recently Dill and his groups have suggested that it be employed 
as an index of cardiovascular fitness However, it is now the considered opinion 
of most biochemists ^ that pyruvic acid, and not lactic acid, is the core of the carbo- 
hydrate metabolism of tissues In the breakdown of dextrose by the tissues all 
reactions appear to revolve around pyruvic acid as the pivotal point Further 
interest has been attached to pyruvic acid because of Peters’ ® discovery that the 
presence of vitamin is necessary for its oxidation This displacement of lactic 
acid m the scheme of the carbohydrate metabolism of tissues by pyruvic acid led to 
the formulation of this work 

METHOD AND MATERIAL 

A Standard exercise of fifty ascents and descents in one hundred seconds over a two step 
contrivance,^ with the blood level of pyruvate determined while the subject was resting and 
ten and sixty minutes after the exercises, was performed by 11 wrestlers and track men aged 
18 to 21 from the University of Chicago, 10 persons aged 19 to 54 engaged in sedentary occupa- 
tions, 10 patients aged 21 to 48 of functional classes II and III with cardiac disease and 
enlargement and 9 hypertensive patients aged 31 to 51 of functional class I wuthd^ut cardiac 
enlargement or detectable renal involvement but with systolic blood pressures exceeding 200 
mm of mercury 

Blood pyruvate was analyzed by Friedemann’s modification ^ of Lu’s method ® Preliminary 
investigation revealed the ten and the sixty minute period to be optimum for study ’’ 


From the Department of Medicine of the University of Chicago 

This investigation was aided by a fellowship grant from the Jessie Horton Koessler Fund 
of the Institute of Medicine, Chicago, and by a grant from the Douglas Smith Fund of the 
University of Chicago 

1 Knehr, C A , Dill, D B , and Neufeld, W Training and Its Effect on Man at 
Rest and at Work, Am J Physiol 136 148 (March) 1942 

2 Barron, E S G Cellular Oxidation Systems, Physiol Rev 19 184 (April) 1939 
Stern, K G Biological Oxidations and Reductions, Ann Rev Biochem 9 1, 1940 Con, 
C F , and Con, G T Carbohydrate Metabolism, ibid 10 151, 1941 

3 Peters, R A Biochemical Lesion m Vitamin Bi Deficiency — Application of Modern 
Biochemical Analysis and Its Diagnosis, Lancet 1 1161 (May 23) 1936 

4 Master, A M The Two-Step Test of Myocardial Function, Am Heart J 10 495 
(April) 1935 

5 Fnedemann, T E, and Haugen, G E Pyruvic Acid I Collection of Blood for 
the Determination of Pyruvic and Lactic Acids, J Biol Chem 144 ‘67 (June) 1942 II 
Determination of Keto-Acids m Blood and Urine, ibid , to be published 

6 Lu, G D Studies on the Metabolism of Pyruvic Acid in Normal and Vitamin Bi 
Deficient States I A Rapid Specific and Sensitive Method for the Estimation nf ■Rlnnri 
Pyruvate, Biochem J 33.249 (Feb) 1939 

7 These time intervals were selected at the suggestion of Dr Theodore E Fnedemann 
of the Abbott Foundation for Medical Research, Northwestern University (personal com- 
munication) 


239 



242 


ARCHIVES or INTERNAL MEDICINE 


The ten minute changes in blood pyruvate of the untrained subjects and of the 
patients with heart disease and with hypertension were found to be statistically 
significant None of the groups, with the exception of the patients with heart 
disease, could be shown to have statistically significant sixty minute changes 
Fisher’s rule ° stipulates that a critical ratio of 2 represents statistical significance 
The calculated critical latio of the sixty minute changes of the patients with heart 
disease was 1 42, and this is close enough to 2 to place the sixty minute changes 
of the patients with caidiac disease in the realm of “practical” significance 

In the untrained group the subjects were all closely alike in daily physical 
activity, but there was a purposeful wide age variation to match the age range of 
the patients with heart disease and with hypertension That the ten minute 
changes were significant would indicate that age was not a modifying factor in 
these changes The ten and sixty minute changes of the other groups were simi- 
larly not influenced by age 

In the patients with heart disease and with hypertension there were individual 
differences based on such variables as duration, type and magnitude of symptoms , 
functional capacity, cardiac enlargement, degree of cardiac damage and stress, 
number of failures, and lability of blood pressuie It is usually impossible to 
select a group of patients who are standardized on all the variables of clinical 
experimentation In the mam these variables were related to the changes m blood 
pyruvate The patients of functional class III with heart disease (table 3) had the 
highest sixty minute levels, and the duration of the cardiac symptoms and the 
number of caidiac failures of each patient tended to be expressed by the greater 
ten and sixty minute changes This is an encouragement to further investigation, 
as there is need for precise measurement of the functional capacity of a patient 
with cardiovascular disease m terms of the actual chemical processes that the body 
utilizes to perform work 

Pulse recovery time following exercise did not seem to correlate with the 
changes in blood pyruvate except for the hypertensive patients whose ten minute 
changes and pulse recovery times were of the same magnitude The group of 
patients with heart disease was the only one that showed a similar trend in the 
ten and the sixty minute changes m blood pyruvate for each subject, a high ten 
minute increase m this group seemed to correspond to a high sixty minute increase 

All the hypertensive patients led sedentary lives except 1 truck driver and 
1 maintenance man The former daily lifted heavy objects, while the latter walked 
about 16 miles (26 kilometers) daily m his work It is of interest that even 
though these men were m some form of training, their changes m blood pyruvate 
were m no way similar to those of the more rigidly trained subjects The truck 
driver who daily did some heavy work had a ten minute rise of -f- 64 per cent and 
a sixty minute change of 32 per cent, the latter value being the highest m the 
group No explanation for this is available 

Compai isons of Gioup Means (figuie) — The ten minute values of the trained 
group contrasted with those of the other groups, and the initial high normal 
levels of some of the trained subjects indicate a change in the mechanism of carbo- 
hydrate utilization of trained persons as opposed to that of subjects in the other 
groups, whose hearts only are working overtime This observa.tion suggests a 
clue to the complex chemical changes involved m “training” and compensation 
These ten minute changes could also conceivably be used as a practical criterion 
of physical fitness 

9 Dunn, H L Application of Statistical Methods in Physiology, Physiol Rev 9 275 
(April) 1929 
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By doing some calculations made possible by what is known about the work 
of the heart, it can be shown that the heart of a hypertensive person probably 
does more work in twenty-four hours than does the heart of a tiained man doing 
his usual exercise From this we might expect the hypertensive person to be m 
some form of training But the changes in blood pyruvate of the two are notably 
different It would appear that the use of body muscles is necessaiy to achieve 
the state of training Thus the old thought that patients with heart disease should 
exercise up to their respective limits may not have been too far fetched 

The mean sixty minute change in blood pyruvate of the trained subjects was 
— 15 1 per cent of the lesting levels, that of the untrained subjects — 5 7 per 
cent, that of the hypei tensive subjects 0 and that of the subjects with cardiac 
disease -{-16 8 per cent The order of progression from negative to positive sixty 
minute changes is more or less m keeping with the cardiac function of each group 
These sixty minute changes also suggest a possible index of cardiovascular fitness, 
and further, this test could presumably be used to follow the course of a patient 
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with heart disease This is further supported by the previously mentioned fact 
that patients of functional class III with heart disease with the poorest cardiac 
function (with I exception) had the highest positive sixty minute changes This 
also fits in with a recent paper in which I reported high blood levels of pyruvate 
occurring in patients with heart failure 

Compansons of Lactate — The literature of changes in blood level of lactic acid 
following exercise indicates that lactate both in trained and in untrained subjects 
increases only after strenuous exercise and not after moderate exercise In this 
study blood pyruvate increased after only light to moderate exercise as much as 
131 per cent Thus, blood pyruvate is available for study as a chemical indicator 
of physiologic changes related to exercise m untrained subjects on whom severe 
exercise would be a hardship and m patients who are not capable of undertaking 
the severe exercise that determination of blood lactate requires 

10 Yanof, Z A Blood Pyruvic Acid m Heart Disease, Arch Int Med 69 1005 (June) 
1942 

11 Dll], D B The Economy of Muscular Exercise Phvsiol Rev 16 263 (April) 1936 
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In the trained subjects the mean ten and sixty minute percentage changes were 
appaiently not significant and thus are compaiable to the stability of blood lactate 
after moderate exeicise However, there are no reported changes in lactate that 
are comparable to the individual negative sixty minute changes m blood pyruvate 
of the trained group Blood levels of lactate during rest apparently do not increase 
with training and so are not comparable to the 4 elevated levels of pyruvate dur- 
ing rest encountered m this study 

The increase of pyiuvate m the blood after both moderate and severe exei- 
cise, and the failure of lactate to increase in the blood except after exhausting 
exercise indicate that pyruvate is an important and obligatory intermediate (if 
not the principal) metabolite m the chemical mechanism of any muscular contrac- 
tion, with lactate coming into play as a secondary auxiliary system when the anoxic 
conditions of heavy exercise are present This fits in with the present day concept 
of the central place that pyruvic acid occupies m the carbohydrate metabolism of 
tissue, and is fui ther inferential support of the foregoing observations on the greater 
sensitivity of pyruvate level in exerase physiology 

Analysis of blood pyruvate is also more accurately and more easily accom- 
plished than analysis of lactate 

CONCLUSIONS 

Ten minutes after moderate exercise a group of trained subjects had no sig- 
nificant change m blood level of pyruvate, while untrained subjects and patients 
with heart disease and with hypertension had m contrast marked rises of pyruvate 
m the blood 

The sixty minute changes of the group of patients vith heart disease were 
significantly high and were proportional to functional capacity 

Blood pyruvate measurably increases after moderate exercise in untrained sub- 
jects and m patients with cardiovascular disease, while lactate does not, and so 
estimations of pyruvate can be utilized in the study of cardiovascular fitness of 
untrained subjects and patients who are not capable of undertaking the stienuous 
exercise that measurement of blood lactate requires 
Dr Emmet B Bay offered guidance and criticism 
950 East Fifty-Ninth Street 

12 P E Johnson and H T Edwards (Lactate and Pyruvate in Blood and Urine After 
Exercise, J Biol Chem 118 427 [April] 1937) and T E Friedemann and C J Barborka 
(The Significance of the Ratio of Lactic to Pyruvic Acid m the Blood After Exercise, ibid 
141 993 [Dec] 1941) have reported increases in blood pyruvate as accompanying increases 
in blood lactate m trained subjects after severe exercise 
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Since the introduction of the eiythrocyte sedimentation test into clinical practice 
numerous publications have dealt with its value in the diagnosis, prognosis and treat- 
ment of tuberculosis The overwhelming majoiity of articles reflect the following 
convictions 1 It is a leliable gage for the detection of active pulmonary tubercu- 
losis 2 The sedimentation late of erythrocytes is directly pioportionate to the 
extent of tuberculosis 3 The test confoims rathei snugly to the underlying patho- 
logic process, being more rapid in association with the predominantly exudative 
type of lesion than in the case of productive or fibrosing tuberculosis 4 An 
increased rate of ei)Thiocyte sedimentation is of direct prognostic value and a 
sensitive signal of an oncoming spread of the disease 5 In cases of pulmonary 
tuberculosis m which collapse theiapy is instituted the test is a competent index of 
improvement which may not be detectable by other clinical means 

For the purpose of ascei taming the clinical value of this test we have analyzed 
the records of 2,640 tuberculous patients who weie under observation at this 
sanatorium during the past four and a half years We were prompted to make 
this study by finding definite discrepancies between the results of the sedimentation 
test and other laboratory and clinical data used as indicators of the activity of the 
disease Roentgenologically demonstrable active tuberculous lesions and gastric 
contents or sputum positive for tubercle bacilli together with a normal sedimenta- 
tion rate were encountered in infants, children, adolescents and adults In some 
patients whose disease was discovered through health surveys normal sedimentation 
velocity was encountered in the presence of active pulmonary tubeiculosis with 
sputum positive for tubeicle bacilli We have found also that as an indicator for 
the onset of the reinfection type of tuberculosis in nurses exposed to tuberculous 
patients a noimal erythrocyte sedimentation rate is of questionable value and that 
it does not compare favoiably with serial roentgenograms of the chest Therefore, 
m view of the unhesitating leliance on this procedure by many physicians who 
are seeing tuberculous patients, we thought it justifiable to call attention to our 
observations 

Extensive clinical and experimental studies have brought out various theories 
concerning changes in the sedimentation rate Fahraeus ^ expressed the opinion 
that they are due to qualitative changes in the serum globulins, particularly in 
fibrinogen Ernstene ^ demonstrated that variations in the amount of fibrinogen 
and not in its quality are the decisive factors Hille ^ expressed the belief that 

From the Muirdale Sanatorium, Wauwatosa, and from the Department of Medicine 
Marquette University Medical School, Milwaukee 

1 Fahraeus, R Suspension Stability of Blood, Acta med Scandinav 55 3, 1921 

2 Ernstene, C Erythrocyte Sedimentation, Plasma Fibrinogen and Leukocvtnsis 

Indices of Rheumatic Infection, Am J M Sc 153 12, 1930 

3 Hille, G Colloid Stability and Sedimentation Test in Infants, Monatschr f ICinderh 
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besides the colloid balance of the blood the number of red cells and the amount of 
hemoglobin are of significance in this respect Early investigators suggested that 
the sedimentation rate is influenced by the dififeience in the electrical potential 
between the negatively charged red cells and the positively charged proteins of the 
plasma , greater negative charge of the red cells was encountered in serum albumin 
than in serum globulin or in serum fibrinogen Bernou regarded the viscosity of 
the whole blood and not that of the plasma alone as the chief determining factor 
Accordingly, an increase in the volume of the individual blood corpuscles, which 
increases the viscosity, causes a retardation of the settling, while an increase in 
the globulin, which forms large molecules at the expense of the albumin, reduces 
viscosity and leads to a rapid sedimentation of the red cells Cutler and his 
associates ° made a critical appraisal of the role anemia plays in the sedimentation 
of erythrocytes They came to the conclusion that anemia has little to do with it 
and that increased sedimentation is caused by the ei3'throcytes forming large aggre- 
gates, or rouleaux They stated that the formation of aggregates of erythroc) 1 ;es 
IS the function of the plasma and is specific for any given plasma, the latter is little 
influenced b}' the size, shape or number of erj'thi ocytes in suspension 

In the evaluation of this test one also has to keep in mind that a number of 
incidental factors influence its outcome The settling of the red cells is faster in 
women than in men ® , also, Bertrand and Rousseaux " reported that there are 
rh3?thmic variations in the sedimentation rate during the phases of the menstrual 
C3fcle There is a premenstrual and menstrual increase induced by an increase in 
the amount of fibrinogen The rate is increased during pregnancy ® and in old age ° 
The possible effect of the endocrine glands was also investigated Runnstrom and 
Schow found that accelerated settling occurred in experimental animals after 
thyroidectom3>- It was demonstrated b3^ Lockett that exercise is followed by an 
accelerated settling, this effect ma3'' persist for some time He also observed that 
the rate is decreased during digestion, reaching its slowest progress in one to one 
and a half hours after intake of food A correlation between the carbon dioxide 
content of the venous blood and the sedimentation rate was noted by Freeman 
Pinner and his associates emphasized the fact that rather wide variations occur 
from day to day in noi mal persons Hoverson and Peterson offered an explana- 

4 Bernou, M Red-Cell Sedimentation and Blood Viscosity, Rev de la tuberc 2 152, 

1936 

5 Cutler, J W , Park, F R , and Herr, B S Influence of Anemia on Blood Sedi- 
mentation, Am J M Sc 195 734, 1938 

6 Fahraeus, R Suspension Stability of Blood, Physiol Rev 9 241, 1929 

7 Bertrand, P , and Rousseaux, R Contribution to the Study of the Sedimentation 
Rate, Rev frang d’endocrinol 10 362, 1932 

8 Bland, P B , Goldstein, L, and First, A Sedimentation Test in Pregnancy and 
Puerperium Study of Five Hundred and Forty Patients, Surg , Gynec & Obst 50 429, 1930 

9 Lasch, F Study of the Cause of Acceleration of the Sedimentation Rate in the Aged, 
Wien Arch f inn Med 22 155, 1931 

10 Runnstrom, J , and Schow, S A , cited by van Antwerp, L D Repeated Sedimen- 
tation Tests, Am J Dis Child 48 814 (Oct) 1934 

11 Lockett, M F Study of Certain Factors Affecting the Sedimentation Rate, Brit J 
Tuberc 31 31, 1937 

12 Freeman, H Sedimentation Rate of Blood in Schizophrenia, Arch Neuro 
Psychiat 30 1298 (Dec) 1933 

13 Pinner, M , Knowlton, K , and Kelly, R G Sedimentation Rate of ^y^hrocytes 
Its Relation to Fibrin Value and Cholesterol Content and Its Application in Tubercu osi , 
Arch Path 5 810 (May) 1928 

14 Hoverson, E T , and Peterson, W F Meteorologic Effects on the Se imenta ion 
Rate of the Erythrocytes Am J M Sc 188 455, 1934 
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tion for this observation They postulated that meteoi ologic conditions induce 
demonstrable changes m the human body which may be measured by chemical 
examination of the blood and that these chemical alterations in the blood account 
for the daily variations in the erythrocyte sedimentation rate 

Experimental work on tubeiculous animals revealed that both immunity and the 
allergic status may have some bearing on the outcome of the test Dwelshawers 
found that the sedimentation late remained normal in rabbits which were first inocu- 
lated with an avirulent strain of tubercle bacilli and inoculated subsequently with 
virulent bovine tubercle bacilli, while in nonimmumzed controls the sedimentation 
rate was rapid On the other hand, Freund and Frank demonstrated that the 
injection of old tuberculin into tuberculous rabbits was followed by a considerably 
increased sedimentation rate 

There is no doubt that the erythrocyte sedimentation rate is subject to the 
same physical laws that apply to particles suspended in fluid medium, as expressed 

by Stokes’s formula V = g r in which V = the velocity of fall, g — the 

gravitation constant, S = the specific gravity of the red blood cells. Si = 
the specific gravity of the blood plasma, u = the absolute viscosity of the plasma 
and r = the radius of the rouleaux, oi aggregates of erythrocytes According to 
this formula, the sedimentation rate is directly proportional to the square of the 
radius of the red cell aggregates and inversely proportional to the viscosity of the 
plasma 

It must be kept in mind that certain factors which influence the chemical activity 
of the body in some particular manner — m health oi during the course of tubercu- 
losis — may play a part in the outcome of the sedimentation test Theiefore, no cor- 
rect interpretation of the result is possible unless due consideration is given to the 
potential effect of these factors If this is so, it is evident that variations m 
the erythrocyte sedimentation rate in a tuberculous person are bound to reflect the 
influences of factors that may have nothing to do with the type, extent and course of 
the tuberculous process 

The limitations of the erythrocyte sedimentation test in tuberculosis are best 
illustrated by brief summaiies of representative cases 

REPORT OF SIX CASES 

Case 1 — Active priimiy tiibei culosts in a white infant with a noinial eiytJuocyte sedi- 
mentation rate 

A M , an infant white girl aged 8 months, was admitted to the sanatorium with the 
diagnosis of an active primary tuberculous infection, with an involvement of the hilar lymph 
nodes and the perihilar pulmonary parenchyma The cutaneous reaction to tuberculin was 
strongly positive Aspirated gastric contents were positive for tubercle bacilli on culture, 
and at the same time the erythrocyte sedimentation rate was normal Because of the positive 
culture she was treated at the sanatorium for fifteen months , recovery was complete 

Case 2 — Active pulmonary tuberculosis in an adolescent white girl with a normal erythro- 
cyte sedimentation rate 

V J , a white girl aged 14, was admitted to the sanatorium with complaints of cough, 
thoracic pain, loss of strength and night sweats A roentgenogram of the chest showed a 
parenchymal infiltration in the apical and the subapical area of the left lung Her tempera- 
ture was subfebnle occasionally during the first two months of her stay Aspirated gastric 
contents were positive for tubercle bacilli on culture and on inoculation into guinea pigs and 
hei eiythrocyte sedimentation rate was normal on admission 


15 Dwelshawers, F Blood Sedimentation and Antibodv Response in Rabbits rnmnt 

rend Soc de biol 123 549, 1936 ’ 

16 Freund, J , and Frank, D E Sedimentation Rate of Red Blood Cells in Tuber- 
culous Rabbits Injected with Tuberculin, J Immunol 24 247, 1933 
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Case Z— Toxic symptoms vi pulmonaiy tuberculosis in a white woman with a normal 
erythrocyte sedimentation rate 

G S , a white woman aged 39, was admitted with moderately advanced active pulmonary 
tuberculosis She complained of chills, fever, night sweats, anorexia, loss of weight, weak- 
ness and fatigue Physical examination and a roentgenogram showed active disease in the 
upper one third of both lungs The sputum was positive for tubercle bacilli on culture, and 
the erythrocyte sedimentation rate was normal 

Case 4— Caseous pulmonary tuberculosis in a Negro with a normal erythrocyte sedimen- 
tation rate 

B P , a Negro aged 48, began to cough and raise greenish yellow mucoid sputum nine 
months befoie admission, he expectorated about 1 fluidounce (30 cc) of sputum a day He 
complained of moderate cough and loss of strength and weight A roentgenogram showed 
a caseous infiltration in the right lung, extending to the third rib anteriorly and to the sixth 
dorsal spine posteriorly On admission his sputum was negative for tubercle bacilli, but aspirated 
gastric contents were positive for tubercle bacilli on culture and on inoculation into guinea 
pigs At the same time his erythrocyte sedimentation rate was normal 

Case 5 — Pulmonary tuberculosis wrth honeycomb cavitation in a white woman with a 
normal erythrocyte sedimentation rate 

E D , a ■white woman aged 33, was admitted to the sanatorium with the complaints of 
persistent cough and loss of weight of four months’ duration, also blood streaking of sputum 
and dyspnea The results of phjsical examination indicated an active tuberculous process in 
the upper third of the left lung A roentgenogram showed a hea-vy fibrocaseous infiltra- 
tion in the middle third and the subapical region of the left lung with honeycombing The 
sputum was classed as II on the Gaffky scale examination, the erythrocyte sedimentation 
rate was normal 

Case 6 — Far advanced pulmonary tuberculosis with a large open cavity in a white man 
with a normal erythrocyte sedimentation rate 

J S , a white man aged 55, was admitted with the complaints of moderate cough, expectora- 
tion and dyspnea Numerous moist rales were heard over the upper third of the right 
lung anteriorly and throughout posteriorly, also over the apical area of the left lung A 
roentgenogram revealed a bilateral fibrocaseous infiltration largely confined to the upper 
half of each lung, there was a cavity measuring 45 by 70 mm in the upper lobe of the 
right lung His sputum was positive for tubercle bacilli on direct examination, and the 
erythrocyte sedimentation rate was normal 

COMMENl 

A normal sedimentation rate may occur in the presence of considerable destruc- 
tion of tissue, honeycomb cavitation, a large solitary excavation or multiple cavities 
We have noted during the course of various measures of collapse therapy that in 
some of our patients the originally accelerated sedimentation rate returned to noiinal 
shortly after the institution of treatment, although simultaneously clinical data 
sho'wed that pulmonary cavities remained open and the disease continued to be 
active 

Furthermore, we have encountered normal sedimentation velocity in a patient 
with bacteriologically proved tuberculous empyema and in patients with pulmonaiy 
tuberculosis and the following tuberculous complications cervical adenitis, arthritis, 
bronchiectasis, renal tuberculosis, tuberculous pleurisy with effusion, tuberculoma o 
the larynx and lupus vulgaris Normal rates were recorded for a patient wit i 
active pulmonary tuberculosis superimposed on silicosis and a patient with dia etes 
melhtus complicated by pulmonary tuberculosis Also, we have encountered norma 
sedimentation of erythrocytes m a patient with draining tuberculous cervica a enitis, 
tuberculous tenosynovitis, pleurisy with effusion and tuberculosis of the bone an 

in a patient with bilateral renal tuberculosis 

Of the 2,640 tuberculous patients included in this study, a normal sedm^ntation 
rate and active disease were found simultaneously in 212, or 8 per cent ese 

patients, 206 had pulmonary tuberculosis and 6 had extrapulmonary tubercu osis 
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Of the patients with pulmonaiy tuberculosis 13 weie not classified as to the stage 
of their illness because of the concurrent measuies of collapse therapy applied to ^ 
the lungs The remaining 193 come under the following classification of the 
National Tuberculosis Association minimal infection 18, or 9 3 per cent, moder- 
atety advanced infection 95, or 49 2 per cent, far advanced infection 51, or 264 
pel cent, and active primary infection 29, oi 15 per cent 

From the review of the illustrative cases and other data presented in this papei 
one is justified in concluding that the result of the erythrocyte sedimentation test 
does not leflect the true pathologic status of tuberculosis Consequently, this test 
cannot be considered an accurate or i eliable index for the management of a tubercu- 
lous patient, that is, for pi escribing necessary rest in bed or permissible exercise, 
foi planning collapse therapy or foi making the periodic follow-up examinations of 
patients with “apparently arrested” tuberculosis 

SUMMARY 

A study of the erythrocyte sedimentation rate of 2,640 tubeiculous patients 
observed during the past foui and a half years i evealed that 8 per cent of them had 
a normal sinking velocity 

Simultaneous occurrence of active tuberculosis and a normal sedimentation 
rate was observed in all age groups and in patients with primary infection as 
well as in ones with a reinfection type of disease 

The erythrocyte sedimentation rate does not parallel the type and the extent of 
tuberculosis Normal rates were encountered in association with minimal, mod- 
erately advanced and far advanced infection, with productive and with exudative 
pulmonary tuberculosis and with solitary or multiple cavities The size of the 
pulmonary cavities varied from honeycombing to cavities 45 mm by 70 mm in 
diameter 

Sputum positive foi tubercle bacilli examined directly or after homogenization 
or aspirated gastric contents positive for these organisms (on culture or on inocula- 
tion into guinea pigs) were encountered in association with a normal sedimentation 
rate 

The type and length of a regimen based on rest in bed cannot be gaged by the 
sedimentation test, because the rate may return to normal shortly after the 
beginning of treatment or much earlier than the healing of the parenchymal process 
takes place 

The eligibility of a patient to become ambulatory and undergo pneumothorax 
treatment should not be decided on the basis of a normal sedimentation rate unless 
the results of other procedures are corroborative, including aspiration of gastric 
contents that are repeatedly negative for tubercle bacilli on culture or on inoculation 
into guinea pigs 

During the course of various measures of collapse therapy the sedimentation 
rate may return to normal while cavities remain open and the tuberculous process 
is still active 

CONCLUSIONS 

1 It IS our impression that the clinical value of the erythrocyte sedimentation 
test in tuberculosis is greatly overestimated 

2 Our observations indicate that it has considerable limitation, therefore it 
should not be used as an independent index in the management of tuberculous 
patients 

Muirdale Sanatorium 
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In the severaj years since the work of Evans and co-workers ^ and of Houssay 
and co-workers - the relationship of the anterior lobe of the pituitary gland to 
carbohydiate metabolism has been rather fiimly established More recently 
Young ® has been able to produce permanent diabetes by the use of potent extracts 
of the anterior lobe of the pituitary gland prepared at freezing temperatures The 
pancreas of animals with such diabetes was found to show an atrophy of the islands 
of Langerhans and by actual assay very little or no insulin 

The menopause is associated with hyperactivity of the anterior lobe of the 
pituitary gland Thus any of its chemical products or biologic functions may be 
increased If among these products the “diabetogenic” factor is increased it can 
produce diabetes or aggravate an existing diabetes either by its antagonistic action 
to insulin or, more fundamentally, by its effect functionally or even anatomically 
111 producing hydropic and hyaline degeneration or atrophy of the islands of 
Langerhans 

During the menopause the subjective and objective vasomotoi disturbances 
and the increased amount of gonadotropic hormone in the blood and urine are 
evidences of the overactivity of the anterior lobe of the hypophysis Such over- 
activity seems to be in mveise proportion to the atrophy and diminished function 
of the ovaries and the consequent decrease of available estrogenic follicular hoimone 
The overfunctioning anterioi lobe of the pituitary gland then secretes an over- 
abundance of all Its hormones in addition to the gonadotropic, and one of these 
IS the “diabetogenic” hormone 

Tuttle ‘ observed that the onset of diabetes coincided with that of the meno- 
pause in 38 of 72 diabetic women Joslin “ attributed the preponderance of diabetes 
in middle-aged women to the obesity so frequently occurring at the menopause 


From the Diabetic Clinic of Lebanon Hospital 

The cases reported were presented at meetings of the Society of Alumni of I ebanon 

Hospital and the North Bronx Medical Society r /- u 

1 Evans, H M , Meyer, K , Simpson, M E, and Reichert, F L Disturbance of Carbo- 

hydrate Metabolism m Normal Dogs Injected with Hypophyseal Growth Hormone, Proc Soc 
Exper Biol & Med 29 857-858 (April) 1932 rr ^ a 

2 Houssay, B A , and Biasotti, A Pankreasdiabetes und Hypophyse beim Hund, Aren 

f d ges Physiol 227 664-684 (June 22) 1931 , Carbohydrate Metabolism and Diabetes, Lndo- 
cnnology 15 511-523 (Nov -Dec) 1931, Diabetes as a Disturbance of Endocrine Regulation, 
Am J M Sc 193 581-606 (May) 1937 Houssay, B A The Hypophysis and Metabolism, 
New England J Med 214 961-971 (May 14) 1936 Houssay, B A, and f 

Sensibihdad en los perros hipofisoprivos a la insulina, Rev Asoc med argent 37 o 9- , 

3 Young, F G Studies in Fractionation of Diabetogenic Extracts of 

Pituitary Gland, Biochem J 32 524-533 (March) 1938, The Anterior Pituitary Gland and 
Diabetes Melhtus, New England J Med 211 635-646 f^ct 26) 1939, . .p 

Action of Crude Anterior Pituitary Extracts, Biochem J 32 513-523 (March) , 

Pituitary Fractions and Carbohydrate Metabolism The Preparation and rope 
Diabetogenic Extracts, J Endocrinol 1 339-355 (Nov) 1939 .. , 10^7 

4 Tuttle, E Diabetes Melhtus, New York State J Med 37 636-642 (April 1 ) 1937 

5 Joshn, E P An Appraisal of the Present Treatment of Diabetes, J A M A 
602 (Aug 29) 1931 
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In general, diabetes has an onset at this age period even in the male, and this, 
together with the obesity at this time, may point to the pituitary factor as of 
importance in at least a proportion of cases of diabetes 

Estrogen exerts an inhibitory effect on the anterior lobe of the pituitary gland 
The administration of this substance, therefore, reduces pituitary hyperactivity 
during the menopause This inhibitory effect has been demonstrated repeatedly 
and can be utilized as a means of assaying the proper dosage of estrogen The 
dose IS that which will result in disappearance of the gonadotropic factor from the 
urine However, inhibition is not limited to the gonadotropic factor Zondek ® 
demonstrated inhibition of growth m infantile rats by administration of estrogen 
He stated the belief that the effect of estrogen on the pituitary gland manifests 
itself first by reduction of its gonadotropic function and then by a reduction of its 
other functions 

Barnes, Regan and Nelson have shown that the administration of amniotm to 
female dogs previously made diabetic by pancreatectomy renders them either non- 
diabetic or only mildly diabetic Mazer and Israel ® were among the first to report 
the ameliorating effect of estrogen on the diabetes, having noted this in 3 of their 
51 menopausal patients treated with 2,000 rat units of estrogen as estradiol benzoate 
every four days This amount of estrogen controlled the associated diabetes of these 
3 women without the use of insulin, and any decrease m the dose of estrogen 
resulted in a return of hyperglycemia and glycosuria Spiegelman ® controlled 
the diabetes of 9 women by the administration of 10,000 international units of 
estrogen twice weekly Goldman, Goldman and Kurzrock^® noted the disappear- 
ance of the glycosuria and hyperglycemia of a diabetic patient who was 1 of 8 
women treated with estrogen for the relief of menopausal symptoms and concomi- 
tant hyperthyroidism Collens and co-workers made an adverse report m a trial 
of amniotin on 7 persons with diabetes, 1 a male and all unselected as to meno- 
pause and age They used a very small dose (100 to 400 rat units of estrogen). 
Gessler, Halst-ed and Stetson selected for treatment 5 diabetic patients all past 
the menopause In the first 2 diabetes began at the time of the menopause. 
In these patients there was an effect on the blood sugar However, the complete 
results of the therapy were indefinite These workers concluded that the con- 
flicting results reported in the literature might be due to an inability to choose the 
proper type of diabetes for such treatment Cantilo obtained a 100 per cent good 

6 Zondek, B The Inhibitory Effect of Follicular Hormone on the Anterior Lobe of 
the Pituitary Gland, Lancet 1 10-12 (Ian 4) 1936, Impairment of Anterior Pituitary Func- 
tions by Follicular Hormone, ibid 2 842-847 (Oct 10) 1936, The Effect of Prolonged 
Administration of Estrogen, JAMA 114 1850-1854 (May 11) 1940 

7 Barnes, B O , Regan, F J, and Nelson, W O Improvement in Experimental 
Diabetes Following Administration of Amniotm, JAMA 101 926-927 (Sept 16) 1933 

8 Mazer, C, and Israel, S L Studies on the Optimal Dosage of Estrogen, JAMA 
108 164-169 (Jan 16) 1937 

9 Spiegelman, N R Influence of Estrogen on the Insulin Requirement of the Diabetic 
Am J M Sc 200-228-234 (Aug) 1940 

10 Goldman, S F , Goldman, A , and Kurzrock, R The Treatment of Menopausal 

Hyperthyroidism with Estrogenic Substance, New York State J Med 40 1178-1184 fAup- n 
1940 ^ ^ ^ 

11 Collens, W S , Slobodkin, S G , Rosenblatt, S , and Boas, L C The Effect of 
Estrogenic Substance on Human Diabetes, JAMA 106 678-682 (Feb 29) 1936 

12 Gessler, C J , Halsted, J A , and Stetson, R P Effect of Estrogenic Substance on 
the Blood Sugar of Female Diabetics After the Menopause, J Clin Investigation 18 715-722 
(RTov ) 1939 

13 CanUlo, E Successful Responses in Diabetes Mellitus of the Menopause Produccrl 

a ^^) Hormones on Pituitary Activity, Endocrinology 28 20-24 
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1 espouse in 40 diabetic women in the menopause using estrogen and progesterone 
thiee times a week He emphasizes the necessity of separating this “special type 
of chmacteiic diabetes ” Our work was undei taken with this point in view 
In the diabetic clinic at Lebanon Hospital about 90 per cent of the patients 
aie women who eithei have passed the menopause or aie still suffering from its 
symptoms Coincident with the menopause some patients show an aggravation of 
their diabetic state and therefore require more insulin Such women were chosen 
for this study in an attempt to ascertain the relationship between the hyperactivity 
of the anterior lobe of the pituitary gland duiing the menopause and the aggrava- 
tion of the diabetes and to determine whether the inhibitory effect of estrogen 
might have a favoiable effect on the diabetes For the same purpose we selected 
some patients who were obseived to be diabetic at about the time of the onset of 
the menopause To test the effect of estrogen when the menopause was not con- 
cerned, we included 2 patients who could not take insulin because of severe local 
reactions, piesumably allergic, but who had no menopausal symptoms, to see what 
effect estrogen might have on diabetes in no way related to the menopause 

Thus theie weie four groups of patients (1) those with a coincidental onset 
of diabetes and the menopause, (2) those whose diabetes was aggravated by the 
menopause, (3) those in whom the diabetes appeared long after the menopause 
and (4) those with no menopausal symptoms and piesumptive allergic symptoms 
preventing the use of insulin 

REPORT or CASES 


1 DIAULTLS JIl.tX.lTUS DlSCOVEREt) AT AUOliT THE TUIE OF O^SET OF THE ISllTsOPAUSE 


Case 1 — Mrs A G , aged 50, came to the outpatient department oi Lebanon Hospital 
because of pruntis vulvac, flushes and amenorrhea Routine urinalysis revealed 2 per cent 
sugar, and tlie fasting blood sugar content was 360 mg per hundred cubic centimeters She 
was given a diet of carbohydrate 100 Gm , protein 71 Gm and fat 70 Gm , with gradually 
inci easing doses of protamine zinc insulin, but despite a final dose of 65 units daily she con- 
tinued to show fi om 2 to 3 per cent sugar in her twenty-four hour specimen of urine On Nov 
26, 1940 estrogen (2,000 rat units three times weeklj ) was added to the regimen The 
glycosuria rapidlj cleared The dose of insulin could then be rapidly reduced to 15 units daily 
Eight months later the administration of estrogen was discontinued because of improvement in 
menopausal symptoms The diabetic condition deteriorated, and the dose of insulin had to be 
increased to 35 units, although the diet w'as maintained as before The results of two dextrose 
tolerance tests are here reproduced, one before the beginning of estrogen therapy and one 


before its cessation 


Fasting 

54 hi after administration of 100 Gm 
154 hr after administration of 100 Gm 
3 hr after administration of 100 Gm 


Nov 26 1940 August 1941 

A A 


Blood 

1 

Urinary 

Blood 

Urinary 

Sugar, 

Sugar, 

Sugar, 

Sugar, 

Mg /lOO 

Percent- 

Mg/lOO 

Percent- 

Cc 

age 

Cc 

age 

400 

65 

211 

0 

of dextrose 500 

55 

274 

Trace 

of dexti ose 526 

70 

364 

4 

of dextrose 667 

75 

250 

6 5 


It will be noted that, while there was definite improvement in the condition of the patient 
and in the glycosuria, a definitely diabetic sugar curve persisted during estrogen t lerapy, 
although at a lower level 


14 The estrogens used were estradiol benzoate (dihydroxyestnn benzoate), furnished by the 
Schenng Corporation, and estrone (ketohydroxyestrm), furnished hy Endo 
through Dr A B Tamis, of our endocrine and gynecologic dime The doses ^tr^ 
benzoate are expressed in rat units of estrogen and those of estrone in dncp of 

or more international units was found to be the equivalent of 1 rat unit T le av 
estrone contained 10,000 international units and that of estradiol benzoa e , 

These were given three times weekly 
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The geneial condition of this patient, including the weight and the subjective 
symptoms, seemed to parallel the impro\ement in the diabetic state 

Case 2— Mrs J M, aged 51, was discovered to have diabetes during a routine urinalysis 
July 6, 1937 Urinary sugar at that time amounted to 2 6 per cent, and the fasting blood sugar 
was 352 mg per hundred cubic centimeters Menopausal symptoms began at about the same 
time The dextrose tolerance curve was as follows 


Blood Sugar, Urinary Sugar 
Mg /1 00 Cc Percentage 

Fasting 
hr 
1J4 hr 
3 hr 


352 

2 

500 

25 

512 

3 

766 

38 


The patient was given a diet of carbohydrate 125 Gm , protein 74 Gm and fat 77 Gm , with 
15 units of protamine zinc insulin daily This dose w'as later increased to 20 units, and the 
diabetes rvas satisfactorily controlled for several months On Jan 1, 1938 the glycosuria 
reappeared, the urinary sugar ranging from 1 to 2 per cent, with a fasting blood sugar of 
286 mg per hundred cubic centimeters Because of marked flushes and other vasomotor 
symptoms she was given estrogen (10,000 international units) three times a week The diet 
and the doses of insulin remained the same This regimen was continued from February 1 to 
March 8 During this time the urine was sugar free Several weeks after withdraw^al of 
estrogen, glycosuria reappeared, with the urinary sugar ranging from 1 5 to 3 per cent, despite 
use of a diet containing less carbohydrate — carbohydrate 100 Gm , protein 71 Gm and fat 
70 Gm — and an increase of insulin to 30 units daily In August 1939 the dose was increased 
to 40 units daily, and the patient’s urine became sugar free This state lasted only a short 
time, and on Sept 10, 1940, because of a return of glycosuria and aggravation of the menopausal 
symptoms, estrogen therapy was resumed, the diet and the insulin being kept at the same levels 
The urinary sugar was soon reduced to 0 2 per cent and less, remaining at these levels despite 
the fact that the dose of insulin had to be reduced finally to 20 units daily because of hypo- 
glycemic reactions At about this time, too, an infection of the left foot developed, which healed 
promptly and was not accompanied by an aggravation of the diabetes On Sept 30, 1941 
diethylstilbestrol, 1 mg twice daily, was substituted for estrone, with about the same results, but 
Its administration had to be discontinued in December because of piofuse vaginal bleeding 

This patient showed a definitely beneficial effect on her diabetes from estrogen, 
with a lag in reestablishment of the condition after estrogen therapy was dis- 
continued A later administration of estrogen was again effective in improving 
the diabetic state 


Case 3 — Mrs S W, aged 50, was discovered to have glycosuria Nov 3, 1928 Urinary 
sugar at this time amounted to 3 5 per cent and blood sugar to 260 mg per hundred cubic 
centimeters Several months later the patient began to have flushes, menorrhagia, weakness, 
severe headaches and hypertension (blood pressure, 200 systolic and 100 diastolic) She was 
given a diet of carbohydrate 100 Gm , protein 71 Gm and fat 70 Gm , and despite tlie admin- 
istration of 45 and later 50 units of regular insulin daily there was no appreciable change in 
the diabetic state Oral estrogen therapy was started June 11, 1939 This was also ineffective 
Several weeks later parenteral estrogen therapy (injection of 20,000 international units three 
times weekly) was substituted This was followed by such a marked reduction in the 
glycosuria that the dose of insulin had to be reduced to 10 units daily During this regimen 
the urinary sugar was reduced, the content ranging occasionally up to 0 5 per cent 

Dextrose tolerance tests were done, the first before estrogen therapy and the latter after 
with the following results ’ 

Nov 14, 1938 Feb 13, 1941 

/ s 



Blood 

Urinary 

Blood 

Urinary 


Sugar, 

Sugar, 

Sugar, 

Sugar, 


Mg /lOO 

Percent- 

Mg/100 

Percent- 


Cc 

age 

Cc 

age 

Fasting 

253 

1 5 

238 

09 

Vz hr 

400 

30 

333 

25 

1/4 hr 

500 

35 

345 

0 

3 hr 

334 

40 

206 

0 
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The administration of estrogen was discontinued May 20, 1941 and the dose of insulin 
increased to 40 and later SO units because of continued glycosuria The glycosuria increased 
during the profuse menstrual periods In general the diabetic condition paralleled the meno- 
pausal symptoms 

This patient’s diabetes was difficult to contiol without parenteral administration 
of estrogen Oral administration of diethylstilbestrol was ineffective 

Case 4 — Airs A A, aged 51, had had amenorrhea since January 1937 She was first 
seen by one of us (S G ) on Feb 25, 1938 because of diabetic symptoms, a urinary sugar 
content of 5 per cent and a blood sugar content of 550 mg per hundred cubic centimeters For 
the previous two months she had suffered with severe vasomotor menopausal symptoms, mainly 
flushes and attacks of faintness She had attended the Mount Sinai Hospital diagnostic service 
four years previously, where examination had given essentially negative results except to show 
a slight tremor The basal metabolic rate was then normal A diet containing carbohydrate 
99 Gm , protein 79 Gm and fat 142 Gm was prescribed, and the patient’s husband, a physician, 
was asked to give her 2,000 rat units of estrogen parenterally twice weekly On March 7 her 
urine was sugar free, and so her diet was increased to carbohydrate 125 Gm, protein 89 Gm 
and fat 150 Gm, the use of estrogen being continued The urine remained sugar free The 
fasting blood sugar was 164 mg per hundred cubic centimeters on March 14 and 154 mg on 
Alarch 28 On April 27 the urine was still sugar free, and the blood sugar was 113 mg per 
hundred cubic centimeters On April 29 the patient began to menstruate for the first time since 
Januar}' 1937 She did not menstruate after that, although estrogen was still given On 
November 4 her urine was sugar free and she was taking practically a normal diet, even eating 
cake at times and drinking some beer On April 18, 1939 her blood sugar was 148 mg per 
hundred cubic centimeters She has continued with estrogen, and her urine is sugar free unless 
estrogen is omitted, when glycosuria and menopausal symptoms reappear She continues 
to take a practically unrestricted diet In January 1942 oral administration of diethylstilbestrol 
was tried as a substitute for parenteral administration of estrogen, but this was ineffective in 
controlling glycosuria A return to parenteral use of estrogen was again effective in controlling 
the diabetes 


This patient was never given insulin From the start estrogen and diet were 
prescribed, and finally estrogen was given with a practically unrestricted diet and 
without insulin Control of the diabetes, of the menopausal symptoms and of the 
general condition has been entirely satisfactory from Feb 25, 1938 to the time of 
writing 


Case 5 — Mrs I R, aged 55, was discovered to have diabetes in 1935, the condition was so 
severe that with a diet of carbohydrate 100 Gm , protein 71 Gm and fat 70 Gm she required 
60 units of regular insulin daily for control This was satisfactory for about one year, when 
glycosuria appeared, with 3 to 5 per cent sugar in the urine, together with traces of acetone, 
and a fasting blood sugar content of 460 mg per hundred cubic centimeters The amount of 
insulin had to be increased to 120 units daily, divided into four doses On Sept 3 1940 the 
administration of estrogen was started in doses of 10,000 international units, later changed to 
2,000 rat units, three times a week Soon after this the dose of insulin was gradually reduced 
to 50 units of protamine zinc insulin and later to 35 units a day With this regimen, the urinary 
sugar was maintained at about 1 per cent, with an occasional rise to 2 per cent Dextrose 
tolerance tests gave the following results 


Oct 15, 1940 

K 


July 29, 1941 



Blood 

Urinary 


Sugar, 

Sugar, 


Mg/100 

Percent- 


Cc 

age 

Fasting 

385 

6 

V 2 hr 

500 

7 

1 hr 

587 

75 

2 hr 

665 

75 


Blood 
Sugar, 
Mg /lOO 
Cc 


286 

420 

410 

364 


Urinary 

Sugar, 

Percent- 

age 

17 

25 

5 

5 


After the onset of the menopause this patient had rather severe diabetes which 
was favorably influenced by estrogen therapy, although not as comp ete y as in 
some of the other cases 
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Case 6 — Mrs R S , aged 52, came to our diabetic clinic in March 1935 Her diabetes had 
been discovered several months before in another hospital, where she received a dose of 20 units 
of insulin daily in addition to a diet of 1,600 calories Her complaints were loss of weight of 
about 10 pounds (4 5 Kg) m one year, irregularity of the menstrual periods of six months’" 
duration and nervousness, melancholia and flushes of increasing frequency Determination of the 
urinary sugar and the fasting blood sugar on March 5, 1935 revealed 4 3 per cent and 192 mg 
per hundred cubic centimeters, respectively She was given a diet of carbohydrate 100 Gm ,. 
protein 70 Gm and fat 70 Gm and doses of insulin gradually increasing from 20 units to a 
maximum of 30 units, in two doses, daily The patient was at all times uncooperative and 
often confessed to nonadherence to the diet and to omission of insulin In spite of this she 
gained several pounds and the urinary sugar content came down to about 1 to 1 5 per cent 
Because of the menopausal syndrome she was in the care of our endocrine department, where 
she was at first treated with sedatives, but in March 1937 her vasomotor disturbances became 
more pronounced and the urinary sugar rose until it reached a level of 3 per cent in a twenty- 
four hour specimen Administration of estrogen, 10,000 international units, increased within a 
few weeks to 20,000 international units, three times weekly, was instituted on June 5 Insulin 
was withdrawn at the same time but had to be replaced in the regimen because of the 
glycosuria She received estrogen for two years, until October 1939, during which she seldom.' 
needed more than 15 units to control her diabetes The fasting blood sugar level on July 1, 1937 

Results of Devtiose Toletance Tests 


Time After De-'i.trose 


Results of Tests 


Date 

for Sugar 

Fasting 

%Hr 

F/^Hr 

2 Hr 

3 Hr 

September 1937 

Blood (per 100 cc ) 

Urine 

185 mg 
Trace 

266 mg 

0 8% 

328 mg 

7 5% 


287 mg, 
8 0% 

Nov 6,1937 

Blood (per 100 cc ) 

Urine 

182 mg 
Trace 

235 mg 
Trace 

312 mg 

2 0% 

333 mg 

2 5% 

- 

Jan 13,1938 

Blood (per 100 cc ) 

Urine 

222 mg 

0 

286 mg 
10% 

303 mg 

2 5% 


308 mg. 
3 0% 

Feb 1,1938 

Blood (per 100 cc ) 

Urine 

175 mg 

0 

235 mg 
Trace 

333 mg 

3 0% 


304 mg. 
3 2% 

April 13, 1939 

Blood (per 100 cc ) 

Urine 

174 mg 

0 

260 mg 

0 

274 mg 

2 5% 


256 mg. 
2 5% 

April 10, 1940 

Blood (per 100 cc ) 

Urine 

110 mg 

0 

191 mg 
Trace 

156 mg 
Faint trace 


133 mg 

0 

Feb 6, 1941 

Blood (per 100 cc ) 

Urine 

111 mg 

0 

191 mg 

0 

167 mg 

0 


98 mg 

0 


was 191 mg per hundred cubic centimeters On Oct 21, 1939 parenteral administration of 
estrogen was replaced by diethylstilbestrol therapy, 1 mg being given daily The latter appar- 
ently controlled the vasomotor disturbances of the menopause but not the diabetes, because there 
was soon a return of glycosuria, with 1 5 to 2 per cent of urinary sugar On Nov 14, 1940 
administration of estrogen in doses of 10,000 international units was resumed, and it was con- 
tinued for several months , during estrogen therapy the urinary sugar never rose above 0 5 per 
cent The patient refused to submit to a dextrose tolerance test 

Case 7 — Mrs L F , aged 47, was discovered to have sugar m the urine in 1939 in a routine 
urinalysis At that time she complained of the sudden onset of irregularity and profuseness of 
the menstrual flow, flushes and nervousness The blood sugar was 300 mg per hundred cubic 
centimeters and the urinary sugar 2 8 per cent At first a low caloric diet relatively high m 
carbohydrates and amounting to about 1,600 calories per day controlled the diabetes and reduced 
the urinary sugar to about 1 per cent From the onset the patient refused to take insulin 
In December 1940 the glycosuria increased, and at that time the blood sugar content was 
333 mg per hundred cubic centimeters Diethylstilbestrol, 5 mg daily, m addition to the afore- 
mentioned diet was tried, with no apparent improvement in the glycosuria, the urinary sugar 
ranging from 2 to 3 per cent Estrogen, 2,000 rat units three times a week, was substituted 
and within two weeks the urine became sugar free, and it remained so except for occasional 
rises to about 0 5 per cent 

This patient had a good response to estrogen given parenterally but not orally 
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Case 8 — Mrs S R, aged 50, came to the outpatient department m 1937 because of 
irregularity of menstrual periods, weakness, nervousness, irritability and a progressive gam 
in weight At that time there was 2 5 per cent sugar in the urine and the fasting blood 
sugar was 185 mg per hundred cubic centimeters She was given a diet of carbohydrate 
125 Gm , protein 71 Gm and fat 70 Gm , and from September 7 was given 10,000 international 
units of estrogen three times a week She refused to take insulin Estrogen therapy was 
continued until February 1939 During this period the urine was sugar free with few excep- 
tions and the sugar tolerance curve gradually returned to an approximate normal The results 
of dextrose tolerance tests are shown in the table 

This patient responded rather well to estrogen therapy and diet without the 
use of insulin The dextrose tolerance curves paralleled the improvement m the 
glycosuria This did not always happen in patients who showed improvement 

2 DIVEETES AGGnAV'AOTED BY THE MENOPAUSE 

Case 9 — Mrs A L, aged 47, was discovered to have diabetes m 1937, and from then 
until 1940 she received 10 units of insulin dailj and a diet of carbohydrate 100 Gm , protein 
71 Gm and fat 70 Gm This treatment controlled her diabetic condition The urinary sugar 
was reduced from 3 to 0 5 per cent or none, and the results of repeated tests of the fasting 
blood sugar ranged between 250 and 161 mg per hundred cubic centimeters The level 
March 15, 1937 was 170 mg The patient continued on this regimen until 1940, when she 
began to have flushes, became irritable, experienced attacks of palpitation and noticed a periodic 
irregularity and relatwe scantiness in the menstrual flow Concomitantly the urinary sugar 
rose to 2 5 per cent and the fasting blood sugar to 199 mg per hundred cubic centimeters, and 
a month later the latter was 250 mg Because of the patient’s refusal to take additional 
injections she was given 5 mg of dictlij Istilbestrol orally daily Within one week the 
glycosuria disappeared and the fasting level of blood sugar dropped to 130 mg per hundred 
cubic centimeters There were no unpleasant reactions to diethylstilbestrol, but because of 
the patient’s failure to cooperate no dextrose tolerance tests were performed She discontinued 
treatment against our advice in November 1940, because of nausea, but when her climacteric 
sjmptoms and glycosuria reappeared a short time later she resumed it until July 1941 with 
good results At the time of writing she still refuses parenteral estrogen therapy 

This patient is the only one in the group who seemed to benefit from diethyl- 
stilbestrol, given orally 

Case 10 — Mrs M W, aged 59, was discovered to have diabetes nine years ago Then 
the urinary sugar was 2 per cent and the blood sugar 217 mg per hundred cubic centimeters 
A diet of carbohydrate 100 Gm , protein 71 Gm and fat 70 Gm was sufiBcient to render 
the urine sugar free and reduce the blood sugar to 154 mg per hundred cubic centimeters 

In 1938, about the time of the onset of the menopause, the sugar content of the urine rose 
to 3 per cent Estrogen therapy was begun on October 18 and discontinued May 28, 1941 
(10,000 international units three times a week) During the entire period of estrogen therapv 
the urine was sugar free and the blood sugar never rose above 80 mg per hundred cubic centi- 
meters The patient refused to take insulin After cessation of the estrogen therapy glyco- 
suria reappeared (1 to 3 per cent of urinary sugar) and the fasting blood sugar ranged 
between 160 and 180 mg per hundred cubic centimeters 

This patient whose diabetes was aggravated by the menopause refused insulin 
but responded well to tieatment with estrogen and diet alone 

3 DIABETES APPEABING EONG ATTEK THE MENOPAUSE 

Case 11 — Mrs L K, aged 53, whose menopause began in 1926, was discovered to have 
diabetes at the clinic of Mount Sinai Hospital in 1929 Up to March 4, 1940 a diet of carbo- 
hydrate 100 Gm, protein 65 Gm and fat 60 Gm controlled her diabetes, but after that 
glycosuria developed in spite of the diet In September 194Q her blood sugar amounted to 
286 mg per hundred cubic centimeters and her urinary sugar to 1 per cent Diethylstilbestro 
was given for several vveeks, with no apparent improvement in the glycosuria The substitution 
of insulin, at first 10 and then 15 units daily, is controlling her diabetic state at the time o 
writing The blood sugar on Feb 2, 1941 was 140 mg per hundred cubic centimeters, and since 
then her condition has not changed appreciably No estrogen was used parenterally 



GITLOW-KURSCHNER— DIABETES AND MENOPAUSE 


257 


The diabetes of this patient was discovered three years after the menopause, 
and that was thirteen years before her appearance at our clinic Diethylstilbestrol 
failed to influence her diabetes 

Case 12— A LoB , aged 59, came to our clinic on Sept 12, 1939, after the discovery of 
4 per cent sugar in the urine and a fasting blood sugar content of 222 mg per hundred cubic 
centimeters At first a diet of carbohydrate 100 Gm, protein 71 Gm and fat 75 Gm and 25 units 
of protamine zinc insulin controlled the diabetes, and she gamed several pounds Within two 
months after the institution of this regimen the glycosuria returned and could be controlled 
only by 40 units of protamine zinc insulin or more daily Estrogen, 10,000 international units 
given three times weekly, was tried, m addition to the original 25 units of insulin, and was 
administered from August 27 until December 1940, when, because of no change in the diabetic 
condition, estrogen was withdrawn and the insulin increased to 35 units daily At present 
the patient receives 40 units of protamine zinc insulin once daily, with fairly good results, the 
urinary sugar never reaching 1 per cent 

Case 13 — Mrs R S , aged 65, had had diabetes of ten years’ duration She had passed 
through the menopause twenty-five years before In spite of her obesity and myxedematous 
appearance, the basal metabolic rate on three different occasions was -[-31, -f- 40 and + 22 
per cent, respectively She had a marked polyuria, excreting 128 ounces (3,800 cc ) or more 
of urine daily The urine continued to have a low specific gravity The polyuria could be 
controlled only with pitressin The diabetes was controlled with 20 to 30 units of insulin 
daily and a diet of carbohydrate 125 Gm , protein 70 Gm and fat 70 Gm A dextrose tolerance 
test on Jan 8, 1935 gave the following results 


Fasting 

Blood Sugar, Mg /lOO Cc 

Urinary Sugar, Percentage 


154 

0 

Hr 

323 

0 

1 Hr 

362 

0 

2y2 Hrs 

328 

0 


The fasting blood sugar level on March 24, 1937 and on May 4, 1938 was 240 mg and 200 mg 
per hundred cubic centimeters, respectively, in spite of the persistent absence of sugar m the 
urine At that time roentgen examination of the head was undertaken, and the report reads, 
“Destruction of posterior chnoid processes due very likely to tumor” (Dr S F Weitzner) In 
1940 sugar began to appear in the urine and persisted, in spite of an increase in the dose of 
insulin to 50 units daily On February 20 estrogen therapy was added, 10,000 international units 
being given three times weekly During this therapy the patient’s urine remained sugar free, but, 
because of the return of polyuria, pitressin had frequently to be substituted for the estrogen, as 
the patient refused to take both With the return to administration of the former the polyuria 
subsided but the glycosuria recurred The patient was particularly anxious to receive pitressin 
and begged for it at each clinical session This was because she dribbled urine even on the 
street when the polyuria was severe 

The diabetes of this patient appeared years after the menopause but might have 
been related to the evident pituitary disease and therefore responsive to estrogen 

4 DIABETES UNBELATED TO THE MENOPAUSE AND ALLEBGT (?) TO INSULIN 

Case 14 — Mrs B S , aged 52, had had diabetes for many years Until four years earlier 
this had been controlled by a diet of carbohydrate 105 Gm , protein 60 Gm and fat 60 Gm 
Then 25 units of insulin daily had to be added, although the patient continued to adhere 
to her diet However, soon after the institution of insulin therapy its use was discontinued 
because of the generalized pruritus that followed each injection and the severe local reactions 
at the site of the injection The allergy clinic found marked sensitivity to pork Crystalline 
insulin produced the same reaction Estrogen was tried because of the difficulty m controlling 
the diabetes by diet alone This was given for eight months The glycosuria was never 
appreciably reduced 

Case 15— Mrs D W, aged 47, was discovered to have diabetes five years before and 
had so far been without vasomotor menopausal disturbances Her reactions to insulin were 
similar to those in case 14, and estrogen was tried and again found disappointing 

Neither of these patients had menopausal symptoms, they were chosen for 
treatment because insulin could not be used Estrogen was tried but had no effect 
on the diabetes 
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COMMENT 

As the hteiature on the treatment of diabetes with estrogenic hormone has 
been so contradictory, it was felt that an effort should be made to select the proper 
patient for such treatment It was for this reason that our patients were divided 
into the following four groups (1) those m whom the onset of diabetes coincided 
with that of the menopause, (2) those in whom existing diabetes was aggravated 
by the menopause, (3) those in whom the diabetes appeared long after the meno- 
pause and (4) 2 who had had no menopausal symptoms but who could not take 
insulin because of severe local reactions, presumabl}^ allergic 

Thus, of our 15 patients 8 had a concomitant onset of diabetes and the meno- 
pause, 2 had diabetes aggravated by the menopause and in 3 diabetes appeared 
long after the menopause The 2 patients whose existing diabetes was aggravated 
by the onset of the menopause were of particular interest because they demon- 
strated the effect of estrogen on diabetes aggravated by this phase of pituitary 
activity in contradistinction to that which has developed some years after the 
menopause and therefore presumably in the quiescent phase of the anterior lobe 
of pituitaiy gland Patient 13 is of separate interest because she was intensively 
studied for several years from the standpoint of concomitant diabetes mellitus 
and diabetes insipidus She had extreme polyuria which did not parallel the grade 
of her gl 3 '’cosuria and which, indeed, antedated her diabetes When her urine was 
sugar free and she was still having potyuria, the specific gravity of her urine was 
much below 1 010, usually 1 002 to 1 004 Control of the polyuria was obtained 
readily with pitressin, although this would be expected to increase glycosuria and 
with it polyuria 

The patients with concomitant diabetes and the menopause all responded 
favorably to estrogen, as well as those with aggravation of diabetes at the time 
of the menopause Patient 13, whose diabetes came on long after the menopause, 
was also benefited, because she had definite pituitary disease The other 2 patients 
with onset of diabetes long after the menopause were not thus benefited The two 
allergic patients, too, showed no response to estrogen therapy 

The diagnosis of the menopause was assumed on the basis of subjective com- 
plaints, such as headaches, flushes, palpitation, emotional instability, perspiration, 
vague muscle pain and disturbances of the menstrual rhythm 

Throughout the period of study a pragmatic course was followed and the 
results were gaged from analysis of the urine and blood and observation of the 
general condition and weight of the patient No patient was exposed to lack of 
control of her diabetes by use of insufficient insulin The elimination of insulin 

was accomplished gradually , 

Our findings agree with those of Mazer and Israel that the glycosuria an 
hyperglycemia can be controlled only by large doses of estrogen Only 1 patien 
received 30,000 international units of estrogen weekly The others require 
60,000 to 80,000 The response to estrogen was the same with estrone (keto- 
hydroxyestrm) and estradiol benzoate (dihydroxyestrin benzoate) provi e arge 
doses were given 

Improvement in the diabetes closely paralleled that of the menopausa symp 
Subjective improvement was always accompanied by marked reduction o g}C 
suria and hyperglycemia The urine frequently became sugar free 
Our experience with diethylstilbestrol given by mouth was limite 
the recent introduction of this substance for clinical trial, but i 
the scanty available data its effect on hyperglycemia does not j^ra e i s 
on menopausal symptoms It would be interesting to compare t e e ec 
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and of parenteral administration Mazer, Israel and Ravetz have recently 
reported their observations on the parenteral use of diethylstilbestrol They found 
its effect the same as that of estrogen 

There remains the broad question as to what patients may be treated with 
estrogen Can we say that the patient who has severe climacteric symptoms and 
diabetes is the one, or shall we conclude that the suitable patient is the one whose 
diabetes comes on at about the same time as the menopause^ This work with a 
limited number of subjects rather indicates that the proper patients for this treat- 
ment are those in whom diabetes develops at about the same time as the meno- 
pause or those with aggravation of diabetes at this period Careful work at various 
clinics will clarify this question 

In conclusion it must be stated that treatment of diabetes with estrogen must 
not be lightly undertaken It must be carried out only by physicians with a 
thorough knowledge of the problems involved, and with careful observation of the 
patient It should not be generally undertaken until all the problems concerned 
with its use have been solved 

865 Walton Avenue 

2025 Valentine Avenue 

15 Mazer, C , Israel, S L , and Ravetz, E The Synthetic Estrogen Stilbestrol, J A 
M A 116 675-681 (Feb 22) 1941 
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SPLENIC DISORDERS 

Bantus Syndiomc — An instance of Banti’s disease due to stenosis of the 
portal vein without hepatic cirrhosis is leported by Trimble and Hill The 
postmortem observation of mechanical congestive splenomegaly lends further sup- 
port to the view of Thompson that hypertension of the portal vein is the com- 
mon denominator of so-called Banti’s disease The portal hypertension results in 
splenomegaly, collateral circulation and the development of esophageal varices. 
Churchill cites a 24 year old man who had ascites, anemia, leukopenia, throin- 
bopenia and splenomegaly Splenectomy was performed, and the patient died 
with bronchopneumonia during the postoperative period The spleen was shown 
to contain increased amounts of fibrous tissue and the splenic vein hyaJinized 
plaques of intimal thickening Pemberton reports the outcome in 226 cases 
in which splenectomy was performed at the Mayo Clinic for splenic anemia and 
Banti’s disease The mortality rate for the operation was 124 per cent The 
survival period was as follows five years in 55 i per cent of the cases , ten years in 
43 2 per cent, twenty years in 22 7 per cent Fully 50 per cent of the patients who 
experienced gastrointestinal hemorrhages before operation had recurrence of hemor- 
rhages after operation The deaths of one third of the patients were directly 
attributable to hemorrhages 

An increased number of taiget cells m the blood of dogs and guinea pigs was 
observed by Miller, Smgei and Dameshek after removal of the spleen and 
after either incomplete or complete ligation of the splenic vein The greatest number 
of target cells were seen in dogs after splenectomy and the fewest aftei incom- 
plete ligation of the splenic vein No target cells were noted, although Howell- 
Jolly bodies were present, in rabbits’ blood after splenectomy The relationship 
of the spleen to the morphologic pictuie of blood regeneration was the subject of 

318 Trimble, W K, and Hill, J H Congestive Splenomegaly (Banti’s Disease) Due 
to Portal Stenosis Without Hepatic Cirrhosis, Aneurysms of the Splenic Artery Report o 
a Case with Necropsy, Arch Path 34 423 (Aug ) 1942 

319 Churchill, T P Banti’s Syndrome, Texas State J Med 37 720, 1942 t T,r j 

320 Pemberton, J dej The Present Status of Surgery of the Spleen, Cincinnati J e 
22 564 1942 

321 ' Miller, E B , Singer, K , and Dameshek, W Experimental Production of Target 
Cells by Splenectomy and Interference with Splenic Circulation, Proc Soc Exper lo 
Med 49 42, 1942 
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a study by Ciuz and Robscheit-Robbins The spleens were removed from dogs, 
which later were made anemic either by the administration of acetylphenylhydra- 
7 ine or by hemorrhage The noimoblastic i espouse of the splenectomized animals 
during the initial phase of the regeneration of the blood was four times as great 
as that observed m noimal dogs, and piimitive erythroblasts were found in much 
greater numbers The authors suggest a relation between the function of the 
spleen and either the maturation of erythroblasts m the marrow or the lelease of 
new red blood cells into the circulation 

Gaucher's Disease — An instance of Gaucher’s disease with hemolytic anemia 
and thrombopema is i eported by Mandelbaum, Berger and Lederer The 
spleen, weighing 6,822 Gm , was removed at operation, and subsequently the 
blood values rose to noimal No Gaucher cells weie found in the bone marrow 
Lipid analysis of this spleen w^as undertaken by Sobel and Kaye The char- 
acteristic lipid constituent, kerasm, was isolated and identified, and an increase 
of the cerebrosides at the expense of neutral fat was found Danielson, Hall and 
Everett report the isolation of a kerasin-like cei ebroside containing d-dextrose 
lathei than d-galactose from the spleen of a 4 year old girl with Gaucher’s dis- 
ease The authors point out that their finding and others recently reported 
suggest that the synthesis of a glucoside type of splenic kerasm is a frequent 
occurrence m this disease 

Emanuel®^® stresses the diagnostic value of aspirated sternal marrow in sus- 
pected cases of Gaucher’s disease The characteristic large Gaucher cells were 
found by the author in the marrow of 2 men aged 30 and 35 yeais, respectively 
The platelet count was depressed and the coagulation time was prolonged in both 
cases Transient leukocytosis, the white blood cell count attaining 50,000 per 
cubic millimeter, -was noted in 1 case Gaucher cells were found on biopsy of a 
suspected lesion of bone by Reed and Sosman Myer repoits the postmortem 
obseivations in a 7 year old child with Gaucher’s disease The mediastinal and 
hilar glands were enlarged and contained masses of the pathognomonic cells 
During life a severe productive cough had been noted, and necropsy revealed 
extensive invasion of the lungs by the disease process Reisman and Utz were 
unable to find Gaucher cells in the sternal marrow of a 10 year old girl with the 
disease, but the typical cells were seen in splenic tissue obtained by puncture of 
the spleen Rapid increase m the size of this organ eventually led to splenectomy, 
but the bone lesions, characteristic of the disease, continued to progiess 

HEMORRHAGIC DISORDERS AND BLOOD COAGULATION 

General Obseivations — Classifications of the hemorrhagic diseases are presented 
by Lozner,329 Jurgens®®® and Dam®®^ The diagnosis, the clinical manifes- 

322 Cruz, W O, and Robscheit-Robbms, F S Relationship Between the Spleen and 
the Morphologic Picture of Blood Regeneration, Am J M Sc 203 28, 1942 

323 Sobel, A E, and Kaye, I A Gaucher’s Disease A Case with Hemolytic Anemia 

and Marked Thrombopema, Improvement After Removal of Spleen Weighing 6,822 Grams, 
Lipid Analysis of the Gaucher’s Spleen, Ann Int Med 16 446, 1942 ’ 

324 Danielson, I S , Hall, C H , and Everett, M R Glucoside Type of Cerebroside in 
the Spleen in Gaucher’s Disease, Proc Soc Exper Biol & Med 49 569, 1942 

325 Emanuel, E Gaucher’s Disease Report of Two Unrelated Cases Edinburgh 

M J 48 843, 1941 ^ 

326 Reed, J , and Sosman, M C Gaucher’s Disease, Radiology 38 • 579, 1942 

327 Alyer, B Gaucher’s Disease of the Lungs, Brit J Child Dis 38.135, 1941 
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tations and the treatment of these conditions aie coveied hy Pepin and collabo- 
rators and by Lessard=>^“ Kugelmass®^^ outlines the clinical characteristics 
and discusses the treatment of the hemorrhagic diseases as encountered in chil- 
dren 

The role of vitamins in the hemorrhagic states is discussed by Scarborough 
Vitamin D has been shown to reduce the bleeding time in jaundiced patients 
when the Ivy method is employed This vitamin is also thought to influence 
the formation of clot Vitamin C rapidly controls the hemorrhagic manifestation 
in scurvy, but earlier reports that it exerted a beneficial efitect in thrombopenic 
purpura have received little recent confirmation Dam reports that chicks 
on a diet deficient m vitamin E had accumulations of plasma under the skin 
Except for alphatocopherol, all known vitamins, including eriodictin and hesperi- 
din, m which vitamin P is thought to reside, proved ineffective in protecting against 
the disease 


Essential Thi onibopenic Pwpxiia — The occurience of an acute form of throm- 
bopenic purpura which differed from the usual essential type of the disease by 
rapid progression, piesence of icterus, cerebral manifestations and failure to respond 
to transfusions or splenectomy is reported by Altschule ®®® in a 50 year old woman 
with terminal manifestations of intracranial disease, icterus, rapidly progressive 
anemia, purpura and fever Transfusions and splenectomy did not arrest the process, 
and necropsy revealed a large number of thrombotic lesions made up of masses of 
platelets within the capillaries and to a lesser extent within the arterioles The cause 
of the change in the vascular endothelium resulting in the deposition of platelets 
IS not known It is suggested that the profound thrombopenia seen in this type 
of purpura may be due to withdrawal of enormous numbers of platelets from the 
circulation That a similar phenomenon occurs in other forms of thrombopenia, 
but in a less easily detected form, is suggested by the author 

Whitney and Bairitt,®®* reviewing the literature, found 14 reported cases of 
congenital thrombopenic purpura, to which they add 2 new cases The first child, 
born to a mother who had undergone splenectomy for thrombopenic purpura 
twelve years prior to her pregnancy, was covered with purpuric spots at birth 
and died on the third day of life A platelet count of 80,000 per cubic millimeter, 
a bleeding time of one and one-half minutes and a coagulation time of three and 
one-half minutes were recorded A second pregnancy ensued, and this infant 
likewise showed petechiae at birth The platelet count was 90,000 per cubic 
millimeter, and the bleeding time was eleven minutes and the coagulation time 
one and one-half minutes, and the prothrombin value was 28 per cent of normal 
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Despite blood tiansfusion and the adnimistiation of vitamin K, this child succumbed 
twenty-four hours after birth Postmortem examinations were made on both 
infants 

Urbanski and Hutner observed a niothei with chronic thrombopenic pui- 
pura whose first pregnancy terminated m the birth of a stillborn child The 
infant was covered with petechial hemorrhages, and at necropsy there were seen 
extensive subarachnoid, subpleural and subpei icardial hemorrhages On the 
nineteenth postpaitum day, profuse vaginal bleeding commenced, which necessi- 
tated splenectomy The mother made an uneventful clinical recovery, although no 
platelet counts of over 100,000 per cubic millimeter were recorded during a two 
year follow-up period A second pregnancy ensued two and a half years after the 
removal of the spleen The infant showed petechiae on the face and on the 
buccal membranes at biith and had a bleeding time of five and one-half minutes 
and a platelet count of 23,000 per cubic millimeter The petechiae rapidly disap- 
peared, and the infant developed normally The mother had a normal postpartum 
course and subsequently underwent two further pregnancies, with normal infants 
in each instance 

The spleen was removed in 11 cases of chronic idiopathic purpura by Phillips 
and Zionts One patient died , another was alive eight months postoperatively, 
but the hemorrhagic tendency was unaltered, the remaining 9 patients showed 
complete cure Acute thrombopema was observed in 5 patients, with recovery 
following transfusions in 4 and a fatal termination m the fifth Splenectomy 
was not done if the disease was in an acute form The importance of making 
careful diagnostic studies before splenectomy, to rule out symptomatic purpura, 
IS stressed 

Evans reports successful arrest of acute hemorrhagic thrombopenic purpuia 
following splenectomy Taylor calls attention to instances of purpura haemor- 
rhagica m which severe and protracted menorrhagia is the only clinical mani- 
festation of the disease 

Ligation of the splenic artery for thrombopenic purpura is discussed by Berg 
and Rosenthal, who tried the procedure m 2 cases, without any hematologic 
and only transient clinical improvement resulting Splenectomy was necessitated 
m both instances because of the return of symptoms One case terminated fatally 

Wiseman and Doan call attention to the syndrome which they named 
primary splenic neutropenia The underlying etiologic factor is said to be a 
hypersplenic state wherein the function of the spleen in destroying abnormal or 
senile cells is augmented by pathologic destruction of normal elements Such a 
mechanism is suggested as responsible for thrombopenic purpura as well as for 
congenital hemolytic icterus and splenic neutropenia, with, in each instance, 
selective pathologic phagocytosis of a specific cellular element 
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Studies of the action of extiacts from the spleens of patients with thrombo- 
penic purpura on the platelets and hemopoietic organs of rabbits are reported by 
Paul Extracts of five spleens were prepared according to the method of Tro- 
land and Lee and were given to the rabbits by vein A transient fall in the 
platelet count was observed eight hours aftei the injection, followed by a return 
to the preinjection level within twenty-four hours Bone marrow sections and 
impiints revealed no significant change m the number of the megakaryocytes or 
in their structure 

Uihlein^'^'’ likewise failed to demonstrate clearly or to deny definitely the 
presence of a thrombocytolytic substance in acetone extiacts of spleens removed 
from patients with idiopathic thrombopenic purpura Of 13 such splenic extracts 
administered inti avenously to rats, 2 produced a considerable drop and 3 a moder- 
ate decrease in the numbei of circulating platelets Of extracts from the spleens 
of 5 patients with hemolytic icteius, only 1 produced a decrease in platelet count 
This lesponse was consistent in all animals treated, and the actne principle was 
not destroyed by heat In all, 28 extracts \\ ere prepared, including 4 from normal 
spleens, 1 from liver and 1 from some lymph tissue as contiol material Twenty- 
two extracts failed to produce significant thrombopenia, but all animals appeared 
apathetic for short periods after receiving an injection Because of the incon- 
sistency of the results, the author feels that a new method of exti action of “throm- 
bocytopen” is essential before any final conclusion can be made 

Secondajy Thombopemc Pwpwa — A case of tin ombojienic pinpura secon- 
daiy to carcinomatous replacement of the bone marrow is reported by Wilhs 
The primal y site of the neoplasm was the stomach Fifteen other instances of 
carcinoma of the stomach associated with secondary thrombopenic purpura were 
collected fiom the literature Often the carcinoma was not discovered until 
autopsy 

Thrombopenic puipuia following the administiation of sulfathiazole is reported 
by two authors Rosenfeld and Feldman^*' observed profuse bleeding from the 
nose and the mouth, hematuria and extensive petechiae in a 37 year old man 
after 5 5 Gm of sulfathiazole had been administered during a three day period 
The platelet count declined to 2,000 per cubic millimeter, the bleeding time was 
SIX minutes Following withdrawal of the drug there were piompt recovery and 
return of the platelet count to noimal, and two weeks later 15 Gm of sulfa- 
thiazole was given in a five day period uithout recurrence of purpuia Werner 
reports thrombopenic purpura following sulfathiazole in a 16 year old boy This 
patient received 13 9 Gm of sulfathiazole during a period of seven days, with the 
appearance of a slight rash on the fifth day An uneventful recovery fiom the 
infection of the uppei respiiatory tract followed Six weeks latei 1 0 Gm of 
sulfathiazole was admmisteied, and within twelve hours purpura and gingival 
bleeding developed The platelets disappeared fiom the blood, and a bleeding 
time of thirty-five minutes was recorded Conservative therapy, without specific 
measures, resulted in complete recovery 
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Sulfadiazine caused acute thrombopenic puipura in a patient seen by Wbite- 
house and Watkins A 37 year old man witb a pulmonaiy abscess bad 
received an earlier course of sulfatbiazole Sulfadiazine was instituted in three 
short couises, and after the second there developed thrombopema and bleeding 
from the gums After recovery, four and one-half weeks later, a third course 
of sulfadiazine was begun The ingestion of 7 Gm m forty-eight hours caused the 
platelet count to drop from a normal level to 138,000 per cubic millimeter The 
administration of the drug was discontinued, and no further hematologic phe- 
nomena developed 

Varas reports the case of a 4 year old child with malaria m whom hemor- 
rhagic purpura developed following the administration of 16 5 Gm of quinine An 
instance of thrombopenic purpura complicating antisyphihtic arsphenamme therapy 
IS reported by Laird Graeber presents 3 cases of thrombopenic purpura 
following the ingestion of sedormid (allylisopiopylacetylcarbamide) The litera- 
tuie is briefly reviewed, and 15 additional cases aie tabulated Thiell observed 
a case following the administiation of sedormid and another following the 
administration of saridon, an anesthetic containing sedormid Infectious mono- 
nucleosis associated with acute thrombopenic purpura was seen by Magner and 
Brooks The sternal marrow was studied m 10 patients by Moeschhn during 
experimental tolerance tests with sedormid A slight change to younger forms 
developed in the megakaryocyte series immediately after the development of acute 
thiombopenia Two or three days later a piogressive increase m the blood plate- 
lets was noted in the peripheral blood, consisting of pathologic and large forms 
In hypersensitive patients sedormid produced thrombopema in from thirty to 
sixty minutes The authoi failed to demonstrate a lysm for platelets as a feature 
of acute thrombopema 

N onthrombopemc Purpui a — Barnes and Duncan report a case of non- 
thrombopenic purpura with involvement of viscera, skin and joints Laparotomy 
was done before the diagnosis was apparent The ileum was seen to be greatly 
congested, with many subperitoneal hemorrhages, suggesting regional ileitis The 
patient recovered An instance of Henoch’s purpura was repoited by Quirno 
Lavalle and Mallo Huergo Looper®®^ observed a 31 year old man who died 
with profuse pulmonary hemorrhages Except for hematuria, no other evidence 
of a tendency toward bleeding was present The platelet count was 712,800 per 
cubic millimeter Necropsy showed evidence of purpura in the lungs, with no 
other abnormality present to account for the fatal bleeding 
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The clinical chaiacteristics of Werlhofs disease were present in a patient seen 
by Reimann®"® An unconti ollable and fatal hemorrhagic diathesis ensued, despite 
the fact that the bleeding and clotting times, the number of platelets, the fibrinogen 
content of the plasma and the level of vitamin C in the blood were normal A 
thrombolytic piinciple was demonstrated in the patient’s plasma which when added 
to normal blood caused dissolution of the clot It was suggested that tins thrombo- 
lytic activity was responsible for the hemorrhagic diathesis 

Lucia and Aggeler®’’'® discuss the history of bruising following slight trauma 
in patients who do not have spontaneous purpura “Single easy bruisabihty,” 
as the authors designate the condition, occurs predominantly m ivomen The skin of 
the patients is usually fair, thin and unduly sensitive to light No symptoms of 
a hemoiihagic disorder are present except for infrequent attacks of epistaxis and 
gingival bleeding after blushing the teeth, but excessive bleeding may occur 
following tonsillectomy or extraction of a tooth Twenty-three patients -were 
studied to detect any abnormalities indicative of a tendency toward bleeding, and 
the most significant finding was a slight prolongation of the bleeding time in six 
cases The authors feel that simple, easy bruisabihty w'as due not to a defect in 
the blood but to thinness of the skin and defective cushioning of the subcutaneous 
vascular bed The symptom may disappear spontaneously but is occasionally 
present fiom childhood as a lifelong affliction 

Hcmophiha — Lyophihzed plasma is as effective as citrated blood in reducing 
the coagulation time m hemophilia, according to Johnson The successful 
management of hemarthrosis, hematuria and hemorrhage followung extraction of 
teeth wuth lyophihzed plasma is reported The administration of this prepared 
plasma likewise proved effective in prophylaxis against recurrent hemorrhage 
The coagulation time is lowered rapidly, as with citrated blood, the maximum 
decrease occurs wnthin fifteen minutes To prevent loss of thromboplastic activity, 
the plasma should be frozen and dried wuthin a few' hours after its removal from 
the donor The lyophihzed material may be stored at 5 C for at least three months 
without deterioration Transfusions of 125 to 150 cc of reconstituted plasma 
exerted maximum therapeutic benefit, and larger amounts did not produce any 
further decrease in coagulation time 

The clot resistance w'as found by Copley and Lahch to be decreased in 
2 patients with hemophilia The clot resistance w'as determined by a method of 
the authors described elsewdiere (page 205) No direct relation w'as observed 
between the coagulation time and the clot resistance The subcutaneous injec- 
tion of extiacts of bursa pastoiis (shepherd’s purse) combined wnth transfusions 
of blood increased the clot resistance The hemostatic action of bursa pastons 
may depend on several piinciples, as it contains oxalic acid, dicarboxyhc acid 
and phytothrombin 

Norcross studied a patient wuth hemophilia associated with vitamin C 
deficiency The decreased capillary resistance to negative pressure was corrected 
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by administration of ascorbic acid and orange juice, with cessation of recurrent 
attacks of hemarthrosis The coagulation time was not influenced by the vitamin C 
therapy, and it was suggested that the clinical improvement was related to increased 
capillary resistance 

The treatment of 32 patients for hemophilia with an extract of plant origin 
is reported by Hecht The exact source and chemical nature of this extract, 
called haemostypticum-Hecht, are not stated It is said to be protein free and 
was nontoxic to animals into which it was injected The clot formed in vitro 
after addition of the extract to hemophilic blood is similar to that of normal blood 
In 12 patients in whom bleeding had been continuous for two to eight days, all 
hemorrhage ceased within ten minutes after intravenous administration of this 
agent Used prophylactically before dental extraction and operative procedures 
in the nose and the throat, the substance prevented abnormal bleeding Continu- 
ous therapy over a three year period was given to 2 patients with hemophilia, 
and they remained free from hemorrhage 

Hemophilia is a deficiency disease, according to Van Creveld,^®^ who reports 
his experimental studies in support of this hypothesis He feels that the absence 
of a plasma factor is responsible for the coagulation defect A coagulation- 
promoting substance isolated from normal plasma by Van Creveld exerted a strong 
coagulating effect on hemophilic blood both in vitro and in vivo This substance 
appears to be associated with the euglobulin fraction of plasma protein It is 
practically absent from the plasma of a person with hemophilia but is found in 
the plasma of the parents of one afflicted with this disease Van Creveld includes 
in the group of cases of sporadic hemophilia the isolated cases in which an exten- 
sive family history fails to reveal the disease in any of the patient’s antecedents 
To explain the occurrence of the disease in such circumstances one must assume 
either a mutation to the hemophilic trait or a latent inherited inclination to the 
disease carried through several generations without clinical manifestations Three 
cases of sporadic hemophilia are presented, all with a prolonged coagulation 
time and with absence of the coagulation-promoting substance from the plasma 

A 43 year old man with a familial and a clinical history of hemophilia was 
studied by Lawrence and Johnson A circulating anticoagulant was demon- 
stiated in his blood, and the coagulation time was only slightly decreased following 
a transfusion of blood This patient’s blood was transfused into a person known 
to have hemophilia, with subsequent prolongation of the coagulation time of the 
blood of the recipient The authors feel that their patient had true hemophilia 
and that, in addition, his blood exhibited a circulating anticoagulant The anti- 
coagulant was neither heparin nor antithrombin They suggest that further 
investigation be made with reference to the presence of a circulating anticoagulant 
in the blood of patients with hemophilia when the coagulation time is not appre- 
ciably shortened following tiansfusion of normal blood 

Tocantins collected under special precautions the plasma of hemophiliacs and 
of normal persons Following incubation, the plasma specimens were added to 
aqueous extracts of brain tissue The hemophilic plasma decreased the thrombo- 
plastic activity of the tissue extracts far more than did the normal plasma This 
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antithromboplastic activity of hemophilic plasma is suggested as the explanation of 
the delayed coagulation in hemophilic blood and the low thromboplastic content of 
citiated hemophilic plasma 

Spontaneous hemothorax in a case of hemophilia is reported with roentgen 
studies by Pendei grass and Neuhauser The authors state that although most 
forms of serosal hemorrhage are not infrequent in hemophilia, spontaneous hemo- 
thorax is geneially unknown 

An extensive review of therapy is given with ninety-seven references by 
Hecht^®® The diagnosis, the treatment and the theories as to the genesis of 
liemophiha are outlined by Hubbard 

The inheritance of a hemophiha-like condition m Poland China swine has been 
studied by Muhrer, Hogan and Bogart They found that the characteristics of 
the bleeding abnormality in the swine closely fulfil the criteria set for the diagnosis 
of hemophilia The blood of the swine showed a prolonged coagulation time, 
a normal bleeding time and normal clot retraction The coagulation time of the 
recalcified plasma after either slow or rapid centrifugation was similar to that 
of hemophilic plasma The “bleeder” pigs had hemorrhages from minor abrasions, 
which fiequently proved fatal Hemarthrosis was occasionally observed, according 
to Bogart and Muhrer The trait is a simple recessive one and not sex linked 
Mertz found the capillary resistance to negative pressure in the affected ani- 
mals to range from 5 to 35 cm of mercury, with an average of 19 cm Animals in 
which the disease was absent gave values for capillary resistance of 35 to 60 cm 
of mercury, with an average of 51 cm Bleeding time as determined by the Duke 
method was consistently normal, but the saline bleeding time was found to be 
SIX times the normal value 

Copley and Lalich produced a hemophilia-hke condition m heparinized 
mice A prolonged coagulation time and a bleeding tendency were observed 
Irregular shape and retraction of clot and thixotropy, the property of becoming 
fluid when shaken and then again becoming solid, exhibited by certain gels, were 
observed 

A proteolytic enz^'^me was obtained by Tagnon, Davidson and Taylor from 
normal human plasma, with the property of lysing both fibrin and fibrinogen 
This enz3TOe, obtained by treating platelet-free, calcium lon-free plasma with 
chloroform, can change prothrombin to thrombin without the presence of calcium 
No prothrombin or fibrinogen was present in the enzymatic preparation, and the 
enzyme was found to be associated with the globulin fraction of the chloroform- 
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containing plasma When hemophilic plasma is tieated similarly with chloro- 
form, the enzyme obtained diffeis from that of noimal plasma This indicates, 
according to the authois, that m hemophilia the deficiency of a factor associated 
with the globulin fraction of plasma is paralleled by a deficiency of the proteolytic 
activity of the globulin fi action of chloroform plasma 

Telangiectasia — Hereditary telangiectasis, according to Stellar,®'^^ has been 
reported in the literature in 550 membeis of 90 to 95 families to the end of 1930 
He adds the case of a woman of 56 years m which recurrent epistaxis preceding 
the menses was present from puberty In later life gastrointestinal hemorrhage 
developed in this patient, and hemoglobin values below 10 per cent were recorded 
on four sepal ate admissions to the hospital 

Congenital afibrinogenemia was studied by Van Creveld®®^ in the younger of 
twins By the method of analysis employed, no trace of fibnnogen could be 
demonstiated in the plasma A bleeding tendency and a prolonged coagulation 
time were manifest at the sixth week of age The elder twin was normal Necropsy 
revealed extensive hemorrhages into all body cavities The author also draws 
attention to the rare instance of the presence at an early age of a prolonged coagu- 
lation time, associated with a bleeding tendency that in later life disappeared with 
return of the coagulation time to normal 

Blood Platelets — In 23 cases, after various operations, Shapiro, Sherwin and 
Gordimer determined daily the number of platelets per cubic millimeter of blood, 
the coagulation time and the prothrombin time No change in the coagulation 
time was obseived by the Lee and White method, but between the fifth and the 
fourteenth postoperative day an increase in the platelets occurred, attaining levels 
one and one-half to two times the previous values, with simultaneous lessening 
of the difference between the prothrombin times of undiluted and 25 per cent 
diluted plasma This change, which was observed in 14 of the cases, was evi- 
dently due to shortening of the prothrombin time of the diluted plasma In 
3 ca'^es the difference decreased to less than three seconds, with development of 
pulmonaiy infarction in 2 and thrombophlebitis in all These studies indicate that 
both the prothrombin and the thromboplastin of the blood increase in concentration 
or in activity in the postoperative period at the time i\hen the incidence of post- 
operative thromboembolization is greatest 

Wright studied the stickiness of blood platelets following surgical operation 
and childbirth Serial observations of the platelet count and the stickiness 
revealed an increase in both beginning on the fourth postoperative or postpartum- 
day and reaching a maximum on the tenth day The increased tendency of the 
platelets to adhere to surfaces was attributed to the appearance of young forms 
in the circulation Both the thromboc)dosis and the greater adhesiveness of the 
platelets were suggested as contributing factors in the postoperative formation of 
thrombi 
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The addition of heparin to dogs’ blood in vitro resulted in a decrease in the 
platelet count, according to Copley and Robb Following intravenous adminis- 
tration of heparin to dogs,^®^ an initial drop in platelets was followed by a rise 
Lindelof®®- gave sulfapyridine to rabbits and observed no significant changes in 
the platelet counts, but after administration of sulfathiazole mild thrombopenia 
developed in these animals Sender studied by means of the dark field the action 
of various anticoagulants on blood platelets and found that a 1 per cent solution 
of sodium oxalate exerted a damaging effect on them, whereas in a 2 per cent 
solution of sodium citrate the platelets remained in a quiescent state with little 
evident ameboid motion A solution designated as hquemm allowed observation 
of the dissolution of platelets and the formation of fibrin reticulum Catel and 
Schotola®®'' found that some samples of sesame oil when orally administered to 
normal persons raised the platelet count 

An indiiect method of enumerating blood platelets on dried blood films, stained 
with brilliant cresyl while wet, is described by Pernokis This is not a new 
method, it is described in the “Manual of Clinical and Laboratory Technic” by 
Weiss and Isaacs®®®*^ Copley and Robb®®® demonstrated that the direct method 
of Vilarino and Pimentel for counting thrombocytes is accurate and has the 
advantage that the count need not be performed immediatel}'^ It depends on 
separation of the platelets and the erythrocytes by centrifugation and preservation of 
the forms in a diluting fluid containing formaldehyde A simplifying modification 
of the original technic is offered 

CapiUmy Fiagihty — The role of capillary integrity as a factor in the hemor- 
rhagic diathesis receives increasing attention Scarborough ®®' believes that a 
substance (or substances) present in fruit, aside from ascorbic acid, is capable of 
increasing the resistance of capillary walls to negative pressure The therapeutic 
efficacy of this substance, designated vitamin P, has not, as yet, been demonstrated 
Higby ®‘'® reviewed the literature dealing with the chemical nature of hesperidin 
and Its experimental use as a source of vitamin P Lindheimer, Hinman and 
Halhday ®®® discussed clinical investigations with vitamin P Cameron and Mills 
administered this vitamin in a case of scurvy and found that the hemorrhagic mani- 
festations of the disease were corrected promptly, but until vitamin C was added, 
the other aspects of the disease remained unchanged 
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Vitamin C administered as crystalline ascorbic acid did not alter capillary 
resistance as measured by negative pressure methods in normal subjects, accord- 
ing to Levcowich and Batchelder Scarborough states that he has never 
been able to increase capillary resistance with vitamin C except in special circum- 
stances He feels that the measurement of capillary resistance for the detection 
of subchmcal scurvy is unjustified Munro, Lazarus and BelP®^ detei mined 
capillary fragility for 182 medical students in England and compared the results 
with those for a group studied before the war No significant difference was 
noted Pignoli found that the capillary resistance of normal women remained 
unaltered during the greater part of the menstrual cycle but that a slight decrease 
occurred in the last days of the old and the first days of the new cycle 

No change in vascular fragility as tested by negative pressure was observed 
by Schaefer®®^ in patients with leukemia, anemia and polycythemia, but increased 
fragility was associated with infectious and inflammatory diseases and disordeis 
of the vascular system 

Bell and his collaborators compared the results obtained for 142 medical 
students by the negative suction method of Dalldorf and Russell with those 
obtained by the positive pressure test of Gothlin and found a low degree of corre- 
lation between them From the results of one method it was impossible to pre- 
dict the readings by the other procedure, nor was a conclusion reached as to 
which method of measuring capillary fragility was preferable Each test proved 
consistent with itself 

Menkin demonstrated that extracts of adrenal cortex and certain derived 
steroid fractions when administered to rabbits inhibited the increased permea- 
bility associated with inflammatory exudates Observations made on capillary 
permeability in rabbits after injections of histamine were reported by Rigdon,®®^ 
and observations on capillary permeability and inflammation m the skin of 
sensitized rabbits, by Rigdon and Haynes Zon, Ceder and Crigler reported 
that administration of antiplatelet serum to rabbits prevents the normal increase 
of histamine in inflammatory lesions of the skin Levy and Appleton isolated 
from saliva a substance in crystalline form which increased capillary permea- 
bility It IS biologically similar to leukotaxme 
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Hemostasu and Coagulants — The mechanism of the coagulation of blood and 
of hemostasis is reviewed b} Mooie and Hansen^®- Lozner, Taylor and 
Ta3dor^'>® investigated the so-called coagulation defect in menstiual blood and 
showed that the fluidity results from absence of both prothrombin and fibrinogen 
and that in effect the menstiual fluid is blood that has already undergone forma- 
tion of clot and is therefore a suspension of formed blood elements and tissue 
debris in seium It behaves similarly to defibrinated blood when added to solu- 
tions of thrombin, prothrombin and fibrinogen 

The lesions occuiimg m multiple sclerosis have been attributed tentatively to 
thiombosis of veins in the brain and the spinal cord Exacerbation of the symp- 
toms has been found to follow factors which some observers believe piedispose 
to disturbance m the blood plasma secondar}^ to thrombosis Simon studied 
the decrease m the blood coagulation time after the intravenous administration 
of typhoid vaccine and epinephrine m patients with disseminated sclerosis and 
patients with other diseases of the brain stem and spinal cord After the injection 
of typhoid vaccine the clotting time of blood was reduced 25 per cent or more, 
and this change lasted three times longer m patients with multiple sclerosis One 
patient was given a second dose of typhoid vaccine two veeks after the initial 
injection The response of the clotting time was so much more intense and 
prolonged than initially that further studies were not attempted The author 
suggests that m patients with multiple sclerosis there is a constitutional or an 
acquired sensitivity to stimuli which tends to reduce the blood coagulation time 
Intensive or repeated stimulation of this hypei sensitive mechanism under certain 
circumstances may lead to intravascular thrombosis 

The pharmacodynamics and the metabolism of oxalic acid are reviewed by 
Blam and Campbell A greater part of the one hundred and seventy-five articles 
published within the past decade appeared m foreign language journals The 
intravenous administration of oxalic acid to labbits was found to reduce the blood 
coagulation time by 44 per cent m fifteen minutes and by 54 per cent in one hour 
Oxalic acid was given mtiavenously to 440 patients who had undergone a great 
vaiiety of major operative procedures and produced either an immediate cessation 
of hemorrhage or a noticeable deciease in oozing m practically all cases This 
material appeared to be most efficacious in controlling hemorrhage from Jarg'e 
oozing surfaces Between 20 and 40 mg administered intravenously proved to 
exert the optimal effect, and, if indicated, this amount could be given again m 
a short time As a hemostatic agent oxalic acid proved safe, reliable, inexpensive 
and almost instantly effective The use of oxalic acid m the tieatment of hemophilia 
IS reviewed in connection with that disease 

Tagnon and Taylor administered a pseudoglobulin obtained from rabbit 
plasma orally to dogs, normal human subjects and to 2 patients with hemophilia 

401 Moore, C V Blood Coagulation and Hemostasis, West J Surg 50 402, 1942 

402 Hansen, H L Blood Coagulation and Hemostatic Agents, J Am Dent A 2 > 

1942 , ^ 

403 Lozner, E L , Taylor, Z E , and Taylor, F H L The So-Called “Coagulation 
Defect” in Menstrual Blood, New England J Med 226 481, 1942 

404 Simon, B Blood Coagulation in Disseminated Sclerosis and Other Diseases ot rai 

Stem and Cord, Arch Neurol & Psychiat 48 509 (Oct ) 1942 , 

405 Blam, A W, and Campbell, K N Hemostatic Effect of Oxalic Acid ^hnica 
Experimental Results, with Review of Literature, Arch Surg 44 1117 (June) 

406 Tagnon, H J , and Taylor, F H L Effect on Coagulation Time of Oral Adminis- 
tration of Rabbit Thrombin, Proc Soc Exper Biol & Med 49 32, 1942 



BETHELL ET AL— BLOOD 


273 


A piompt fall in the coagulation time occuiied in each instance A gradual return 
to the piemjection level began two hours later 

Cunningham noted that the application of sulfapyndme to experimental 
wounds exerted a hemostatic eflfect Secondary and delayed tonsillar hemorrhages 
were controlled clinically by the application of sulfapyndme powder to the oozing 
surface Sulfanilamide and sulfathiazole proved of little hemostatic value Rutturk 
found that hemostyphin, a hpoid of unknown constitution prepared from animal 
phosphatides, reduced the bleeding time in rabbits when applied locally tg cutaneous 
wounds The hemostatic property of human milk was investigated by Hecht/”® 
together with the role of ascorbic acid, in the physiology of coagulation The 
influence on coagulation of dog plasma exerted by mother’s milk was found to be 
independent of its content of vitamin C oi of lipoid phosphorus The hemo- 
static propel ty of milk was less active during the colostrum period than m the 
later stages of lactation Extracts of the parotid gland of the toad Bufo bufo, used 
by Derouaux,^^® failed to exert any hemostatic action on the bleeding time of 
rabbit"; 

The clotting time of plasma m glass, paiaffin, collodion, and lusteroid con- 
tainers was investigated by Lozner, Taylor and MacDonald In a glass tube 
the plasma clotted m eleven minutes, in the other tubes, m from four to six 
times as long Similar results were obtained with platelet-rich and with platelet- 
free plasma If the plasma was first incubated in glass tubes and then added 
to hemophilic blood, the clot-promoting activity was two and a half times that of 
plasma incubated in the othei three types of containers The authors suggest that 
the “physiologic anticoagulant" responsible for the fluidity of circulating blood 
may be an attribute of the vascular endothelium which resembles physically 
such surfaces as collodion, paraffin and lusteroid The experimental lesults 
indicate that a foreign surface acts by modifying some constitutent of cell-free 
plasma Platelet counts remained unchanged in citrated plasma exposed for one 
hour to the surface materials under study 

Schutz reports studies of the influence of electric currents and electrically 
charged surfaces on blood coagulation The clotting of fresh whole blood was 
obseived to be delayed by weak direct currents and, depending on the metal 
used as the electrode, a variable eflfect was noted on the coagulation of the blood 
in contact with the electrodes 

Ferguson studied an exceptionally stable prothrombin-free fibrinogen On 
the basis of his observations, he feels that the formation of fibrin under the specific 
influence of thrombin is not related to denaturative and digestive phenomena 
He offers a ciiticism of the theory of blood clotting incorporating such views 
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From normal dog plasma Tagnon obtained an enzyme which possessed charactei- 
istics lesemhling those of tiypsin It lysed fibrinogen except in the presence of 
prothrombin, m the presence of the latter, coagulation intervened, followed by 
fibrinolysis As the enzyme reacts with piothromhm to form thiombm without the 
intervention of calcium oi thiomboplastm, it was suggested that it plays a primary 
role m the noimal coagulation of blood Kaplan Tagnon and collaborators'*’® 
obtained fiom steer, swune and human plasma an enzyme capable of digesting 
fibrinogen, fihim, gelatin and casein This enzyme w'as absent in horse plasma 

A method for the quantitative measurement of the retraction of blood clots 
IS oftered by Aggeler, Lucia and Hamlin,**-'* based on an estimation of the extra- 
coipuscular volume of the clot After normal coagulation of the blood has occurred, 
the specimen is incubated for one hour at 37 C The clot volume is obtained by 
suhti acting the residual serum volume, after removal of the clot, from the total 
volume of the specimen The difleience between the percentage of the packed cell 
volume, obtained by centrifugation of a separate oxalated blood sample, and the 
percentage of the clot volume, is a measure of the extracorpuscular volume of 
the clot An aveiage value of 9 1 per cent was obtained for 100 normal subjects, 
^with a range of minus 5 9 to plus 24 1 per cent The significance to be attached 
to variations in the extiacorpuscular volume of the clot is discussed by Lucia, 
Aggeler and Hamlin **' Diminished clot retraction wms seen m hjqioprothrombin- 
emia and thrombopenia How^ever, similar results might occur when neither of 
these conditions is present, as m “thrombasthenia,” fibrmogenopema or “fibrm- 
asthenia” or m the presence of a cnculating inhibitor of clot retraction 

Hirschboeck and Cofifey^*® measured the clot retraction time as the interval 
between the complete formation of the clot and the beginning of its separation 
from the sides of a glass container This procedure was used '**'* m 10 cases of 
pulmonary embolism, and retraction w'as found to begin in less than ten minutes 
m 9 instances In the case of a normal person retraction begins in tw'enty-five 
to thirty minutes The authors considered all postoperative patients with a clot 
retraction time of less than ten minutes as possible candidates for pulmonary 
embolism and suggested the use of this test as a guide to the selection of patients 
for prophylactic heparinization 

The tensile strength and the stretch of plasma clots w'^ere studied by Tarlov, 
Goldfarb and Benjamin ***“ The tensile strength of the plasma clots of persons 
who were ill was found to be greatei than that of the plasma clots of normal 
pel sons Lahch and Copley *-* use viscometer tubes in the determination of clot 
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firmness Kershbaum and Schwartz found that blood clots were nonpermeable 
to sulfonamide cofnpounds m vitro and that neither heparin nor increased tem- 
perature induced permeability to such compounds Bleeding time, lymph time 
and clot resistance were compared by Copley and Lalich After a clot had formed 
m a wound made by punctuiing the skin with a mechanical lancet, a positive pres- 
sure of 100 mm of meicury was applied for three minutes to the limb above the 
site of the wound by means of a blood piessure cuff Renewed bleeding was not 
observed m noimal persons In peisons with hemophilia the application of the 
cuff lenewed bleeding for as long as seventy-five minutes aftei the flow of blood 
had ceased The author believes that the degree of stiffness of the clot and the 
ability of the clot to adhere to the skin are a measure of hemostasis 

Dicounjai m — The synthetic hemorrhagic agent 3, 3'-methylene-bis-(4-hydroxy- 
coumarm), fiist isolated fioni spoiled sweet clover, has received extensive clinical 
tiial during the past year A review of the histoiical and experimental develop- 
ment of this compound is given by several authors Allen, Barker and 
Waugh used dicoumarm m 374 instances and found it a valuable agent m 
preventing intravascular thrombosis The effect of dicoumarm seems to be on 
prothiombm only The prolongation of prothiombin time indicates destruction 
of prothrombin, suppression of its action or inhibition of its formation Dicoumaiin, 
in addition to prolonging the prothrombin time, impaiis clot retraction and accel- 
erates the sedimentation of erythrocytes After its administration, fiom twenty- 
four to forty-eight hours elapse before an effect on the prothrombin time is noted 
On discontinuance of the administration of the material, the piothrombm time may 
be prolonged foi two days to three weeks, depending on the amount given The 
authors employed a dose of 300 mg of dicoumarm, given orally, on the first 
day and 200 mg on the second day Thereafter, the 200 mg dose was repeated 
each day that the prothrombin time was less than thirty-five seconds as 
determined by Magath’s modification of the Quick method The importance of 
daily determinations of prothrombin as a guide to dosage and as a check on 
variations in effect on individual patients is stressed Transfusions of fresh 
blood will temporarily reduce the prothrombin time Vitamin K is ineffective 

In 69 cases of postoperative pulmonary embolism m which dicoumarm therapy 
was instituted, subsequent thrombosis or embolism developed in only 2 In neither 
of these instances was the prothrombin tune sufficiently elevated to establish 
the adequacy of dicoumarm therapy Untoward bleeding, classed as slight m 17, 
model ate in 9 and severe m 5, was encounteied in 31 instances Bleeding- 
occurred most commonly from the operative site and was noted in 24 cases. 
Ecchymosis of the skin, hematuria, epistaxis and cerebral hemorrhage were alsO' 
encountered Two patients with subacute bacterial endocarditis who were receiv- 
ing dicoumarm died One showed signs of cerebral hemorrhage before death, 
and the other, extensive hemorrhages in many organs and tissues at necropsy 
A tendency to bleed into the kidney or into the brain in bacterial endocaiditis 
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IS present without the administration of dicoumann, and the authors feel that this 
agent is contiaindicated in this disease 

Meyer, Bingham and Axelrod administered dicoumann to 73 patients, 
and except for a gross hemorihage developing at the site of uterine curettage in 
no toxic 01 untowaid effects were noted Studies of hepatic and of renal function 
were made m many instances while complete blood counts, a urinalysis, determina- 
tions of blood sugai and nonprotein nitrogen and Rumpel-Leede tourniquet tests 
weie done in all cases In no case was there observed a significant quantitative 
change m any test following the administration of dicoumann Prothrombin 
time and coagulation tune were detei mined daily The disodium salt of dicoumann, 
was given intravenously, 4 Gm per kilogiam of body weight, to 27 patients, and this 
tieatment was repeated wdien indicated A latent period of two to five days elapsed 
before the treatment attained maximal effectiveness, and no significant advantage 
of mtiavenous ovei oial administration w'as noted An oral dose of 5 mg ot 
dicoumann per kilogram of body weight, follow^ed by a daily dose of 1 5 mg 
per kilogiam was given m 46 cases It is impel ative to measure the prothiombm 
and coagulation times daily to contiol individual variation in response 

Butsch and Stew'ait w'arn that dicoumann should be used wuth caution oi 
not at all m cases m wdiich an ulcerating or granulating lesion is present Thej 
noted hematemesis following its administration in 2 of 4 cases of caicmoina of 
the stomach , 1 case terminated fatall} Debilitated and cachetic patients proved 
moie susceptible to the effects of the diug 

Single oral doses of dicoumann w^ere given by Stats and Bullow^a to 
39 hospitali7ed persons In 2 minor epistaxis developed, and 4 others came to 
necropsy One showed unusual edema and intense hyperemia of the bronchi and 
a large quantity of hemorrhagic fluid w'lthm the bronchi No lesions leferable 
to dicoumann w'ere seen in the othei 3 patients 

Vitamin K is reported by most authors as being ineffective m coriectmg the 
piothiombin time after administration of dicoumann Towmsend and Mills'*-' 
gave vitamin K to a patient while dicoumann w'as still being administered and 
observed no further use m the prothrombin oi the coagulation time 

Dicoumann synthesized in Sweden was used b)’’ Lehmann'*-® in the tieatment 
of 17 patients wuth thrombosis of the veins of the extremities An oral dose of 
0 75 Gm did not lowei the piothrombin content of the blood as effective!} as a 
similar dose admmisteied to normal persons The author^-” gave dicoumann 
to lactating women and observed a low^enng of the prothiombm content of the 
blood of both mothers and nursing infants A preliminary report of the clinical 
use of dicoumann m effectively prolonging the prothrombin and coagulation times 
IS given by Le Fevre 
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Prandoiii and Wright ievie\\ and compare the modes of action and the 
indications for the use of hepaim and dicotimarm Hepaim must be given mtra- 
\enously, it is effective immediately aftei administration, and the duration of 
action is fiom one to foui hours Dicoumaiin must be administered by mouth, 
it IS not effective foi twenty-four to seventy-two hours after the initial dose, 
but the average duration of its action is eleven days A hemorrhagic syndiome 
was obseived by the authoi in 8 patients who weie leceiving dicoumarm In 
this gioup no single factor could be found responsible for the hemonhagic 
complications It was thought that individual susceptibility was in part respon- 
sible for the variations 

Hobson and Witts state that misleading lesults are obtained if rabbit brain 
IS used as a souice of thromboplastin m the determination of prothrombin time 
aftei the admimstiation of dicoumaim They recommend either emulsions of fresli 
human brain oi Russell viper venom with lecithin 

The emplo 3 mient of lusteroid tubes for the determination of the coagulation 
time of venous blood is suggested by Davidson and MacDonald An index of 
early changes in the coagulation of the circulating blood is obtained by this 
method which is not seen when glass tubes aie employed 

Most laboratory animals dying from lethal doses of dicoumaim show hemor- 
ihages in various organs and pulmonary edema, according to Rose, Harris and 
Chen Cential necrosis of the liver was found in approximately one half of 
the lats and occasionally was seen in labbits, mice and dogs tliat had died of 
intoxication with dicoumarm Richaids and CortelH®® found some evidence of 
necrosis of the liver in dogs and monkeys after administration of dicoumaim 
Guinea pigs on a vitamin C-free diet succumbed to the effects of dicoumarm 
sooner than animals on a diet rich in vitamin C Baumann and collaborators 
found that chlorobutanol and othei substances which stimulate the synthesis of 
vitamin C in rats counteracted m part the hypoprothrombmeinia pioduced by 
dicoumarm in these animals The liver is thought to be the common site of origin 
for both prothrombin and vitamin C in rats, and similai proteins of the liver 
may be involved m the synthesis of each Howevei, the nature of these syntheses 
remains obscuie It is suggested that the activation of prothrombin might involve 
the action of vitamin C or of vitamin K or of both Overman, Field, Baumann 
and Lmk^®'^ found that the admimstiation of vitamin K to rats countei acted the 
hypoprothrombmeinia when given before, during or twelve hours aftei the admin- 
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istration of dicoumann Using rabbits, Overman, Stahlmann and Link^^ found 
that the simultaneous oral administration of menadione (2-methyl- 1,4-naphtho- 
qumone) and 1-ascorbic acid in high doses either drastically reduced or’ completely 
nullified the anticoagulant action of dicoumann Similar results were obtained 
with menadione alone, but aftei the exclusive administration of 1-ascorbic acid only 
15 of 50 rabbits weie protected In doses sufficient to alleviate vitamin K deficiency 
menadione did not inhibit the anticoagulant action of dicoumann Bollman and 
Preston showed that m dogs large amounts of sulfathiazole failed to alter 
the effectiveness of dicoumann Preexisting vitamin K deficiency, inanition, hepatic 
injury or renal injury exaggeiated the prolongation of the prothrombin time 
McGinty and collaborators gave purified beef prothrombin intravenously to 
dogs with lowered prothrombin levels as a result of pievious administration of 
dicoumann and obseived a prompt rise m the concentration of plasma prothrombin 
The action of the injected prothrombin peisisted for two to three days Studies 
on the plasma prothiombm time of rats, guinea pigs and dogs following the 
administration of dicoumann are reported by Overman and his associates 

Anticoagulants — Methods for the assay of heparin are given by Seegers^'*' 
and by Foster**^ Magerl injected bacteria into heparinized rabbits and obsen^ed 
in the subsequent leukocyte response an increased percentage of lymphocytes 
and a decreased percentage of polymoiphonuclear cells Heparin failed to inhibit 
the enhancing effect exerted on blood coagulation in vitro by certain strains 
of staphylococci, according to Rigdon and Haynes 

Sodium hexdinetaphosphate was shown by Caspe and Hadjopoulos to be an 
effective anticoagulant foi rabbits’ blood both in vitro and m vivo 

Pi othi oinbin and Vitamin K — The clinical aspects of vitamin K therapy are 
leviewed by Smith and Warner and the development and the chemistry of 
vitamin K compounds by MacCorquodale '*'* The present concepts of the coagu- 
lation of blood ^\lth particular reference to the role of vitamin K are covered 
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by D’AIessandro/'*® who recommends tliat all patients undergoing surgical opera- 
tion on the biliary tract have a piothrombin detei mmation without regard to the 
presence or the absence of jaundice Two brief leviews of the use of vitamin K are 
presented by Karabm and Covinti ee 

(o) Hepatic Disease The physiology of plasma prothiombm and its relation 
to disease of the liver are leviewed, and 117 refeiences listed, by Andrus and 
Lord Abbott and Holden studied 120 patients with hypoprothrombinemia 
before the oral administration of menadione and twenty-four to forty-eight hours 
later In patients with severe hepatic damage little or no response to 8 mg 
of menadione was noted, while those with obstruction of the common duct 
practically always showed a rise m the prothrombin value In patients with burns 
the response of the prothrombin time to administration of vitamin K was suggested 
as an early and accurate guide to prognosis Allen and Julian noted the 
response of the blood prothrombin to vitamin K therapy m 57 cases of obstructive 
jaundice and advanced disease of the liver The prothrombin level rose to normal 
m twenty-four hours m every case of obstructive jaundice following either oral 
administration of 8 mg of menadione and 2 5 Gm of bile salts or parenteral 
injection of 10 mg of the water-soluble compound tetra-sodium 2-methyl- 1, 
4-naphthoqumone diphosphonc acid ester (synkovite-Roche) In 31 instances of 
advanced disease of the liver the depressed prothrombin level was either not 
affected or elevated only slowly by similar therapy Histologic observation of 
the livers of 17 patients coming to necropsy indicated no correlation between the 
extent of hepatic damage and either the initial response of the prothrombin level 
to vitamin K theiapy or the rate or the degree of this response The author con- 
cluded that deficiency of prothrombin is not a reliable measure of hepatic function, 
as it does not reflect the extent of hepatic damage In a larger group of 42 
patients Sweet, Lucia and Aggeler^®® found a fairly close clmical-pathologic 
con elation between hepatic damage and concentration of prothrombin m the 
plasma In general, the value for prothrombin was normal by the Quick technic 
when there was little or no destruction of parenchymal tissue and was diminished 
with moderate or extensive destruction of the liver In 2 cases deviation from 
this rule was noted , in the first, a case of extensive destruction of the liver from 
an infiltrating hepatoma, the concentration of prothrombin was 70 per cent of 
normal, and m the second, with only slight leukemic infiltration of the liver, 
the prothrombin content langed fiom 40 to 20 per cent of normal The authors 
felt that a better coi relation occurred between the prothrombin time and the 
histologic appearance of the liver than between the former and the excretion of 
hippuric acid in Quick’s test Of the two tests, the concentration of prothrombin 
was thought to be the less sensitive indicator of hepatic function but the more 
accurate detector of destruction of hepatic parenchyma One hundred unselected 
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cases of disease of the liver and of the bihai}^ tiact encountered as routine diag- 
nostic problems ^eie studied by the Quick method of detei mining prothrombin by 
White, Deutsch and Haddock The response of the hypoprothrombinemia to 
admimsti ation of vitamin K was compared as a test of hepatic function with the 
oral hippuric acid test, the fractional elimination of bromsulfalem and the excre- 
tion of urinaiy urobilinogen The correlation between the prothrombin time and the 
lesults of these tests for hepatic function was poor The excretion of hippunc 
acid proved a moie reliable means of levealing hepatic insufficiency than did the 
prothrombin i espouse to vitamin K theiapy Abnormal excretion of hippunc acid 
was noted in 83 cases and an abnormal prothrombin level befoie and after 
therapy was seen m 53 The piothrombin level proved inferior to the othei tests 
as a guide to piognosis A normal value for plasma prothrombin was misleading, 
but a depressed value was significant, and a failure to respond to vitamin K 
proved a pi ogressively unfa\oiable sign Bleeding m the cases of hepatic cirrhosis 
encountered by these authors was due as frequently to ruptured varices as to a 
low level of prothiombm Stem reports studies that confirm the rise in the 
blood prothrombin following parenteial injection of vitamin K in obstructive 
jaundice and the lack of this response m extensive disease of the hvei Owen 
states that when the administration of vitamin K is ineffective in correcting 
depression of the prothrombin level it may be reasonably assumed that there is 
impairment of hepatic function but that the prothrombin determination reflects 
pathologic changes m the liver only when the damage is extreme 

Kapnick, Stewart and Lyons measured hepatic function by the Quick 
method, the van den Bergh reaction and the bromsulfalem test in 68 patients who 
weie leceiving sulfanilamide derivatives During the course of the chemotherapy 
14 patients sho\\ed an appreciable increase in prothrombin time, and several of 
these patients manifested abnormalities by the other tests No patient, howe\er, 
sho\\ed an abnormal excretion of bromsulfalem or an increase of bilirubinemia 
without also showing a fall in prothrombin The severity of the infection appeared 
to be more significant as a cause of the depression of prothrombin than the 
type of drugs used, but the authors suggested that change in the prothrombin 
level may be used as an early indication of impending damage of the liver during 
therapy with sulfanilamide derivatives Definite deficiency of prothrombin i\as 
seen in 14 of 26 cases of disorders of the liver and biliaiy tiact by Bechgaard 
Quick’s method as modified by Lehmann was recommended as an easy and leliable 
test for clinical use 

The one stage method of Quick was compaied with the two stage technic 
of determining prothrombin time in patients with hepatic disease by Ziffren, Owen, 
Warner and Peterson, who found the latter piocedure the more sensitive index 
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of hepatic damage Two patients in th^woid ciisis were studied, and i eduction of 
prothrombin was found m both instances 

{h) Miscellaneous Disoideis The hemonhagic tendenc} iU spiue, due to 
hypoprothrombmemia, is believed by Alper'*®- to result fiom a deficiency of intake, 
an mciease of excietion and a failuie of absorption of the fat-soluble vitamin K 
The incidence of hypoprothrombmemia in certain tropical diseases is discussed 
by Diaz y Riveia and his associates/®^ who studied 12 patients with the hepato- 
splenic type of infection with Schistosoma mansoni and obseived that, although 
8 of them gave a history of heinatemesis, no hemonhagic tendency was appaient 
despite moderate prolongation of the prothrombin time Page and Bercovitz i®-* 
used a modification of the Quick method in studying the piothrombm of 21 patients 
with chronic ulcerative colitis Six of the patients were found to have constant 
hypoprothrombmemia, and 13 had values fluctuating between noimal and low 
levels Eleven of these patients were found to have values foi plasma fibrinogen 
slightly above normal 

Purpuia due to deficiency of vitamin K m cases of anoiexia neivosa was noted 
by Aggeler, Lucia and Fishbon,'*®® who feel that the deficiency was due either to 
an exogenous dietary lack or to hypermotility of the gastrointestinal tract, 
although m no instance has hypoprothrombmemia been established to aiise on the 
basis of puiely functional distuibance of the intestinal tiact 

Warner and Owen ^®® used the two stage method of detei mining the piothiom- 
bm time in 20 cases of pernicious anemia, and found values below 50 pei cent of 
normal in 10 and values of 75 pei cent or more in only 3 Vitamin K was inef- 
fective m altering the prothiombm level, but a rise occuried following the insti- 
tution of liver therapy Values determined by the Quick method were noimal 
in all cases and were not modified by liver therapy The reason for the difference 
in the lesults obtained by the two methods is not clear, but the piolongation of 
the prothrombin tune as measuied by the two stage method is not apparently 
related to the anemia or to its degree, and the response to liver therapy is con- 
fined to cases of pernicious anemia 

Levy^®" determined the bleeding tune, the coagulation time, the piothiombm 
time and the degree of hepatic function in 60 cases of pulmonary tuberculosis 
The Quick method and the bedside procedure of Smith revealed liypoprothroni- 
bmemia m 32 per cent of the patients, with the lowest values observed in those 
with pulmonary hemorihage In 14 patients experiencing pulmonaiy bleeding, 
var3mig in degree fiom streaked sputum to frank hemoptysis, the hemorihage was 
piomptly conti oiled by the administi ation of vitamin K Serial determinations of 
prothrombin made on 12 tuberculous patients who had undeigone thoracoplasty 
aie reported by Savacool and Chodoff ‘‘®® By the Quick technic a sharp drop 
was obseived within one to two days aftei operation, with a lapse of one week or 
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more before the preoperative level was regained Vitamin K was ineffective m 
altering the hypoprothrombmenemia of these patients, but a late spontaneous rise 
followed successful collapse therapy 

Dietz leporls that parenteral administi ation of vitamin K proved veiy 
effective in conecting menorrhagia and metrori hagia Schaad used injections 
of vitamin K and of calcium in the successful treatment of a severe form of rheu- 
matic purpura Neither of these authors report deteiminations of prothrombin 
before or after vitamin K therapy 

(c) Piegnancy and the Neonatal Peiiod The administration of soluble pento- 
barbital U S P 01 of sodium am}l broinoallylbarbiturate as an analgesic during 
laboi was found b} Fitzgeiald and Webster^” to lowei the prothrombin level m 
the blood of both mother and child Vitamin K administered during labor pre- 
vented this fall and no neonatal hemorrhage was obserced in 641 babies born of 
motheis so treated A large number of infants born into families representing 
the low'est income group of a metropolitan area were studied by Parks and 
Sw^eet for evidence of gioss hemorrhage in the neonatal peiiod It was 
assumed that dietar}' deficiencies would be maximal m this group and that any 
procedure directed tow'ard reduction of bleeding in the new-born should produce 
greatest benefits m such patients On admission to the hospital in labor, the 
mothers of 1 151 infants were given b^ mouth 5 mg of menadione, w'hereas 
another gioup consisting of the mothers of 1 594 infants, received no vitamin K 
Only severe hemoirhages, such as melena neonatorum, hematemesis, gross sub- 
cutaneous, cutaneous or definite intiacianial hemoirhage or hemorrhage into the 
adrenal glands, w'ere considered The incidence of such bleeding was 1 4 per cent 
in the contiol group and 1 7 per cent in the infants wdiose mothers had received 
vitamin K 

The incidence of hemonhagic manifestations in a group of 711 newborn babies 
wdio w'ere given 1 mg of vitamin K orally as soon as they reached the nursery 
w^as compared wnth that in a control group of 982 infants by Sanford. Shmigelsky 
and Chapin All the infants w ere examined daily and determinations of pro- 
thrombin made by the Quick method for at least five consecutive days after birth 
In the untreated new'born infants the prothrombin levels fell rapidly throughout 
the first, second and thud days of life and rose abiuptly during the fourth to 
seventh days before reaching a stationary le\el In the infants given vitamin K 
immediately after birth, no deciease w^as obseived in the prothiombm on the first 
or the second day of life Except for a slight tiansient decline on the third day, 
the prothrombin values throughout the neonatal peiiod w^ere about 10 per cent 
above those of cord blood obtained at birth The incidence of hemorrhagic mani- 
festations w'as the same m the treated and the untieated group, amounting to 6 6 
per cent Conjunctival, vaginal petechial ceiebral and umbilical hemonhage, 
melena and cephalhematoma occuried as man}" times in one group as in the other 
and the mortality percentage w"as the same for the tw o groups The authors believe 
that the hemorrhagic manifestations noted difteied from tiue hemonhagic dis- 
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ease of the newborn In no instance was the coagulation time of whole blood 
increased beyond five minutes The incidence of cerebral hemorihage likewise 
svas similar in the two groups, and the authors add that they have never obseived 
cerebral hemoirhage in the newborn associated with hemorrhages elsewhere in 
the body or with piolongation of the whole blood coagulation time 

A review of the role of vitamin K in blood coagulation is given by Sage^^^ 
This author quotes Quick’s comments on the paper of Sanford and collaboratoi s 
To call attention to the fact that hemorrhage in the newborn may occui from 
causes other than deficiency of prothrombin is a valuable conti ibution, in Quick’s 
opinion, but Quick takes sharp issue with the authois if they are attempting to 
depieciate the use of vitamin K in preventing and treating hemoirhagic disease 
of the newboin Waddell takes the same view and states that vitamin K is 
efficient m the treatment and especially in the prevention of this dread disease of the 
newborn In England, MacPherson and TIendeison ^ and Capon ‘ ‘ answei San- 
ford and associates in a similai vein 

Inasmuch as acute hypoprothi ombinemia is the only condition of the newborn 
that responds to vitamin K, Kugelmass feels that routine administration of this 
vitamin is wasteful in 99 5 pei cent of infants so treated If the latent hemorrhagic 
tendency piesent in the remaining 0 5 per cent becomes active, the rise in clotting 
time will indicate a deciease of available prothrombin, which then is a clear indi- 
cation for vitamin K therapy In a round table discussion of hemorihage m 
the newborn Poncher states that alterations in the walls of blood vessels consti- 
tute the most common cause of spontaneous bleeding in the neonatal period and 
that hypoprothrombinemia follows next in importance In cases of spontaneous 
bleeding values below 20 per cent of the normal adult value when obtained by the 
Quick method are consideied significant, but in the piesence of vascular damage 
values ranging from 20 to 40 per cent of normal may play an important role in 
conditioning bleeding 

The increased incidence of hemonhagic disease of the newborn m the winter 
and eaily spring is pointed out by Waddell, and an identical seasonal increase 
in deaths from intiacianial hemorihage in the neonatal period has been found 
in the United States duimg a ten yeai peiiod Approximately one-thiid moie 
infants died of this complication in the winter and spiing months than during 
any other calendar month Quick feels that the incidence of intracranial hemoi- 
ihage IS reduced and that othei t3pes of obscuie bleeding, such as retinal may 
be laigely prevented by administration of vitamin K The successful elevation 
of the prothrombin level of the newborn by administration of vitamin K to the 
mother or to the child is leported by Reiss and Schonbergei 
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The effect of pielactation feedings on piothiombin deficiency in the newborn 
was studied by Richdorf and Kearney In a gioup of infants given feedings ot 

calcium caseinate oi a 5 pei cent solution of casein hydiolysate every four hours 
pi 101 to the fiist bieast feeding, the piothiombin level fell less than in infants 
starved foi a similai tivelve houi peiiod aftei birth 

The piothrombm time of the neonatal period ivas studied by MacPherson 
in 1 elation to the mother’s dietary intake of vitamin K during pregnanc} Uni- 
foimly low prothrombin times were found for children born of mothers whose 
diets weie inadequate in green vegetables, milk, butter, meat, fats oi cereals Four 
hydiocephalic infants w^ere given at bnth a diet consisting solely of dextrose and 
w'atei On this vitamin K-fiee diet the infants show^ed an initial drop in pro- 
thiombm content compaiable to that of normally fed newborn infants In contrast 
to noimal infants, they show’ed a further fall in place of the expected rise in pro- 
thiombin usually seen This w'as considered by the author as evidence that the 
synthesis of vitamin K by the bacterial fioia alone is insufficient as a source of 
supply to meet minimal physiologic requirements Spontaneous bleeding did not 
occur in these infants despite the fall of piothrombm at the end of ten days to 
levels w'hich are usuall} associated with the onset of hemorrhagic disease in the 
new'boin 

Three newdioin infants, one wnth atresia of the esophagus, a second w^ith 
atresia and fistula from the esophagus to the bionchus and a third wuth complete 
obliteration of the gallbladdet and the extrahepatic ducts, w^eie folloived during 
life wuth serial piothrombm deteiminations by Sanford and Shmigelslc}’’ The 
fiist infant leceived fluids by injection but neither of the infants wnth atresia of 
the esophagus received food by mouth A piothrombm determination m the 
case of the fiist child on the fifth day of life w^as normal for a newffiorn infant 
but, owing to subsequent blood tiansfusion, no further tests w^ere made m this 
case The second child gave a piothiombin curve identical wuth that of a normal 
newborn infant up to the time of death on the tw'elfth day In the third infant, 
with complete obliteration of the gallbladder and the extrahepatic ducts, a pro- 
thrombin level obtained on the eighth day of life coriesponded closely to that of a 
noimal newborn infant This child never received Mtamin K bile salts or blood 
transfusions and at the age of 4 months had a prothrombin value of 95 per cent 
of normal by the Quick method The last determination made before the child’s 
death at 6 months of age showed a drop to 75 per cent of normal By the tw'O 
stage method, however, the plasma prothrombin w'as considerably below normal, 
ranging from 32 to 48 per cent, fiom the first to the sixth month of life The 
authors feel that these obseivations aie not compatible wuth the view that the 
synthesis of vitamin K by bacteria from food m the small intestine demands the 
presence of bile foi the conversion of vitamin K The liver may be the principal 
souice of this vitamin, they suggest, and may continue to form vitamin K inde- 
pendently of an extrinsic supply until function of the liver is diminished by seuous 
damage 
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Hypoprothrombinemia in congenital pyloric stenosis is discussed by Wall- 
gien He leports that a hemorrhagic diathesis seen m this disease was success- 
fully managed by administration of vitamin K 

Percutaneous administration of vitamin K was used by Vollmer, Abler and 
Altman^®' in the tieatment of newborn infants The speed of absoiption appealed 
not mferioi to that with oral administration and piobably was supeiior to that 
with mtramusculai injection of solutions in oil The simplicity of this method of 
admmistiation was hoped by the authors to lead to geneial use of vitamin K in 
the management of all newborn infants Menadione, dissolved in a mixture of 
80 parts liquid petrolatum and 20 parts kerosene so that 1 mg was contained in 

0 1 cc of the solution, was applied in this approximate dose (4 drops) to the 
chest and proved safe and reliable in the prevention of physiologic hypopi othrom- 
bmemia of the newborn A dermatitis resulting from topical application of 1 per 
cent menadione m an ointment base was noted in 5 of 9 adult patients by Page 
and Bei covitz Only after several applications did pruritus and erythema appear, 
and in 1 case chronic eczematoid dermatitis ensued In a senes of 24 newborn 
infants with whom this method was used, there was no evidence of contact derma- 
titis The specially piepared ointment base was not responsible, as patch tests 
with the base alone were uniformly negative 

(c?) Experimental Hypopi othrombinemia Rats fed a diet containing a syn- 
thetic fat, largely dihydi oxystearic acid, exhibited prolongation of clotting time, 
accoiding to Lockhait, Sheiman and Harris,^®® who found that addition of 
Mtamm K to the diet prevented the development of this deficiency syndrome 

Evidence suggesting that the placenta is unusually sensitive to deprivation 
of vitamin K is piesented by Mooie and collaborators Rabbits were found 
to abort following ingestion of a diet deficient in vitamin K but adequately supplied 
with all other accessory factors, including vitamin E Postmoitem study showed 

1 etroplacental hemorrhages as the only evidence of a hemonhagic diathesis In 
these expel iments the plasma piothrombm time did not reach levels usually indic- 
ative of critical hypoprothi ombmemia 

Obstructive jaundice was produced experimentally in labbits by Dyckeihoflf 
and Marx,^°^ who studied the prothrombin time and its lesponse to the adminis- 
tiation of vitamin K Urnas,'‘®® by using a technic which practically eliminated 
trauma to the liver, excluded this organ from the cii dilation of cats and rats and 
observed m every instance lapid fall m the prothrombin level The author either 
ligated the poital vein and the hepatic artery directly or fiist ligated the celiac 
aiteiy and the mesenteric vessels to avoid stasis m the sjDlanchnic region The 
entile bowel except the duodenal stump, the common bile duct and the lectum 
weie moved, thus leaving the liver m situ with the hepatic veins intact The 
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animals suivived only a few horns, but with evisceration alone no fall in plasma 
prothiombin occuned during a period of six to eight hours By means of mi Eck 
fistula, the portal blood was conveyed past the liver, and in animals thus pre- 
paied the piothiombm fell within two to four hours after operation and the decline 
was progressive until death ten to fifteen hours later Transient increases in 
prothiombin were observed in cats under ether anesthesia after intravenous 
administration of epinephiine hydi ochloride and after electrical stimulation of the 
splanchnic nerve 

The rare earths lanthanum, ceiium and samarium weie found by Vinche and 
Schmidt to act as antiprothrombins, their effects being similar to those noted 
m previous studies with neodymium and praseodymium Beaser, Segel and 
Vandani'*®* injected the salts of the rare eaiths neodymium, lanthanum and cerium 
intravenously into rabbits and man Ihe clotting time could be prolonged to the 
point of incoagulability Toxic manifestations consisting of chills, fever, cramps, 
hemoglobmemia and hemoglobinuria were observed The authors concluded that 
these side effects rendered use of the salts as anticoagulants inexpedient 

(e) Methods for Determining Piothrombin The deteimination of the coagu- 
lation time of lecalcified oxalated blood plasma is a simple and serviceable test for 
vitamin K deficiency, according to Ciieney,***® uho points out that the tests for 
the prothrombin time advocated by others do not take into account the concen- 
tration of anticoagulant substances in the blood The plasma coagulation time 
represents the resultant effect of the clot-pi omoting substances and the clot- 
letaidmg elements in a given plasma, and when an imbalance exists because of 
prothrombin deficiency, the clotting time is piolonged Similar prolongation might 
occur with deficiency of thiomboplastin, independent of vitamin K but m chnical 
piactice such a state occuis larely and then only in the presence of severe throm- 
bopenia A standardized technic for determining the plasma coagulation time is 
presented 

By placing special emphasis on the difieience between the prothrombin tune 
of undiluted plasma and that of plasma diluted 25 per cent, certain abnormalities 
of the blood aie revealed which are not shown by whole oi by diluted plasma 
alone, according to Shapiro and collaborators,'*”® who state that the absolute dif- 
ference of the two determinations is a more reliable guide to prothrombin activity 
than either the piothrombin time of whole or that of diluted plasma alone This 
conclusion was based on evidence that the difference between the prothrombin 
times of whole and diluted plasma varies inveisely with the concentration or the 
activity of the prothrombin Followung administration of dicoumarin, a point is 
reached at which the piothrombin time of diluted plasma is substantially pro- 
longed wdiile that of undiluted plasma is only moderately extended The deter- 
mination of this diffeience is suggested as a useful procedure in the treatment of 
patients with dicoumaiin as well as in the detection of the possible liberation into 
the circulating blood of an anticoagulant in certain other pathologic conditions 
If dilution of these anticoagulant substances lenders them ineffective, the pro- 
thrombin time of diluted plasma may^ be as shoi t or even shorter than normal m spite 
of a lengthened prothiombin time of whole blood 
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A detailed account of the technic of estimating piothrombin by the use of 
Russell’s viper venom and lecithin m place of tissue thromboplastin extracts is 
given by Witts and Hobson, together with the normal range of variation expected 
with this method Witts'*^® found that the difference between the coagulation 
times obtained with venom and wuth venom plus lecithin is mveisely propoitional 
to the number of platelets piesent in the plasma A high difterence with lecithin 
was noted in thrombopenia and tin ombasthenia In patients under dicoumann 
therapy the difterence with lecithin increases as the piothiombin is i educed Fur- 
ther application of the difference with lecithin may seive as a method for the 
detection on inhibitoi and accelerator substances in blood coagulation Vipei 
venom and lecithin are thought by Macfarlane to be more reliable than animal 
tissue as a source of thromboplastin The enzyme factoi thiombokinase is sup- 
plied by the venom, and the hpoid factor, present in animal thromboplastin, by 
lecithin Page, de Beer and On studied the method in 30 subjects and found 
that venom alone revealed certain prothrombin deficiencies not evident with 
lecithmized venom The use of lecithinized venom ofteied a valuable adjunct, 
which may become moie impoitant as the difterence between the two clotting 
tunes IS better undei stood 

Curient methods for estimating the piothrombin content of whole blood and 
plasma are reviewed by Warner®**^ The micro adaptations m use compaie favor- 
ably 111 accuracy with the macio types of pioceduie In cases of pernicious 
anemia m i elapse or m cases of hepatic disease the results of the one stage method 
aie not in agreement wuth those of the two stage technic The two stage method 
has the advantage of eliminating the influence of factors which alter the speed of 
the conversion of piothrombin to thrombin 

Methods foi performing microprothrombm detei mmations on whole capil- 
lary blood undei standard physical conditions are described by Hoftman and 
Custer®®* Other technics suitable for bedside prothiombm tests aie described®®® 

(f) Substances Possessing Vitamin K Activity The w'ater-soluble tetra sodium 
salt of 2-methyl-l,4-naphthohydioquinone diphosphonc acid estei w'as found by 
Davidson, Steigman and Udesky to be more active on a molecular basis than 
menadione By parenteral administration of it m 10 mg doses a satisfactoiy 
response was obtained m patients with hypopiothiombmemia m twenty-four to 
forty-eight hours The toxicity of menadione and some i elated compounds was 
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investigated in animals by Ansbacher, Coiwin and Thomas An amount of 
menadione one hundred and twenty-five times the maximal clinical dose proved 
nomnjuiious even on repeated administration 

Alcoholic extiacts of Euiopean mountain ash berry (Sorbus aucuparia L) 
proved effective m correcting abnoimal clotting time m chicks with experimental 
hemorrhagic hypoprothi ombinemia Shmowara, DeLor and Means administered 
such an extract (soiparin) oially to 14 patients ivith biliary or hepatic disease 
and noted satisfactoiy elevations of the depressed prothrombin level in a majority 
of them, and symptomatic improvement when it was administered in conjunction 
with bile salts, beyond that ordinarily produced by other materials possessing 
Mtamin K activity 

Menadione, unlike vitamin K, %vhcn added to -whole blood in vitro caused the 
formation of methemoglobin Scudi found that menadione was rapidly con- 
verted to some other substance oi substances -which contained little of its original 
antihemoi i hagic activity 

In a gioup of mice with induced In poprothrombinemia, Barnes found that 
daily mtraperitoneal injection of 0 1 cc of a 1 per cent solution of congo red 
ovei a period of three to eight dajs raised the plasma piothrombin level 
23 per cent 

H} poprothrombinemia was induced in rats b}"^ a diet containing 20 per cent 
liquid petiolatum by Grodins and Rw When to these prothrombin-deficient 
animals 500 to 1,000 units of vitamin D \vas administered subcutaneously, eleva- 
tion of the prothrombin le\el w'as observed in onl} a few cases The failure of 
vitamin D to altei hypoprothrombinemia in experimental animals has been 
reported by others 

(g) Substances Possessing Thromboplastic Activit) The thromboplastic 
activit}' of extracts of various tissues on the plasma of the same and different 
species of animals was studied by Copley®^® Thromboplastins w'ere obtained from 
labbit brain rabbit skin, chicken brain and chicken skin A trend tow'-ard species 
specificit) w’as noted in general and w'as seen in particular wuth chicken plasma 
Neither of the chicken thromboplastins exhibited any significant activity when 
tested wnth human plasma In human plasma the extract of rabbit brain acceler- 
ated the prothrombin tunc to a greater degree than the extract of rabbit skin 

Instead of expressing the accelerating effect of the thromboplastin emulsion 
on the coagulation time of oxalated plasma in seconds, the authors introduce a 
“till omboplastic coefficient” This coefficient expi esses the ratio of the coagu- 
lation time of recalcified plasma to the piothrombin time and gives a value of 1 
if the added emulsion does not exhibit any activity During the course of the 
stud}' it became apparent that the widely accepted explanation of the phenomena 
of the prothrombin time based on the Moraw'itz concept of blood coagulation 
could not be correlated with the present finding The discrepancy in the pro- 
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thiombin time of the same plasma when vaiious thi omboplastins weie employed 
and that between the prothrombin time and the simple coagulation time of lecal- 
cified plasma could not be explained by Quick’s concept that the prothiombm 
tune in seconds indicates the concentration of piothiombin piesent in the plasma 
This explanation failed likewise when thromboplastins from different oigans of 
the same species were utilized Inasmuch as the contention that prothrombin is 
the precursoi of thrombin is still in some doubt, it has been suggested by others 
that thromboplastin activates thiombm by exclusion of inhibitory substances The 
latter view is incoipoiated b}- the author in the Howell theory of blood coagu- 
lation, m an effort to explain the discrepancies noted 

Mothei’s milk to which a small quantity of pyrrole has been added was used 
as a souice of thromboplastin by Fieudenbeig in determinations of pio- 
thiombm time 

(/?) Miscellaneous Observations A method for the quantitative measnie- 
ment of antithi ombin in blood was devised by Wilson Normal human plasma 
and seium contained similar amounts of antithi ombin averaging 90 units pei 
cubic centimeter when 1 unit is defined as that amount which will inactivate 
1 unit of thrombin in four minutes at 28 C The amount of antithrombm 
leported by this authoi is one thousand times greater than that observed with 
previous methods During blood coagulation only a small portion of the thiombm 
IS absorbed onto fibrin, the remainder being inactivated or neutralized by the 
antithrombic activity of the serum In hypoprothrombinemia the presence or the 
absence of a hemorrhagic tendency is not fully explained on the basis of decreased 
prothrombin and variation in the conversion rate of prothiombm to thiombm 
Normal human plasma contains 300 units of prothrombin per cubic centimetei, 
1 unit being defined as that amount which when converted to thrombin will 
clot 1 cc of fibrinogen in fifteen seconds In a patient with cirrhosis of the liver 
accompanied by spontaneous ecchymosis and bleeding of the gums, seen by the 
author, the plasma prothrombin was 25 per cent of noimal, or 75 units per cubic 
centimeter, and the antithrombm was 95 units When the piothrombin unitage 
approximates or is lower than the antithrombm unitage, a hemorrhagic diathesis 
will usually occur 

The prothrombin content of oxalated blood stores at 0 C was found stable 
for eight days by Laveigne and Lavergne,^^® who determined the prothiombm 
content by diluting the plasma with fresh prothrombin-free plasma piioi to 
employing the Quick technic The authors felt that the prolonged clotting time 
obtained by other workers was influenced by a diminished fibrinogen content of 
the stored blood The prothrombin content of dried plasma preserved in a frozen 
state and then reconstituted with distilled water was shown by Strumia to be 
only 15 to 20 per cent of normal However, if the plasma was reconstituted with 
distilled water saturated with carbon dioxide, values of 50 to 60 per cent were 
obtained, and if 0 1 pei cent citric acid was used, the values were 67 per cent 
of normal The original prothrombin content of the plasma, determined before 
drying, was found to be 65 to 70 per cent of normal No untoward reactions in 
man have followed intravenous administration of plasma legenerated with 0 1 pei 
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cent citric acid The excessive alkalinitj' of plasma i econstituted from the dried 
state IS avoided, and deterioration of prothrombin is prevented, by the use of the 
citric acid solution The prothrombin activity of oxalated plasma was found by 
Tocantins to fall rapidly after the plasma had been standing a few hours 
uncovered and exposed to air currents By aerating the plasma with carbon 
dioxide, the piothrombm activity could he restored to its initial valae 


BLOOD CHANGES ASSOCIATED WITH VARIOUS DISORDERS 

Blood in Infection — The hematologic findings in 117 cases of appendicitis 
were analyzed by Dutton, %\ho concludes that a leukocyte count above 12,000 
per cubic millimeter with 80 pei cent neutrophils strongly suggests diffuse sup- 
purative appendicitis and provides an indication for immediate surgical inter- 
vention Less maiked leukocytosis and a lowei percentage of neutiophils are 
compatible with a diagnosis of catarrhal inflammation When eosinophils are 
found in the stained blood film there is little likelihood that a suppurative process 
IS present The authoi concludes that a diagnosis of acute appendicitis is apt to 
be inaccurate whenevei studies of the blood demonstrate no abnormalities 

Aftei studying 250 assoitcd cases of arthritis Khng concludes that the 
Weltman coagulation test does not possess the general utility of the erythrocyte 
sedimentation rate The latter he believes to be superior in evaluating the clinical 
course, although the Weltman procedure employed as an adjunct to the sedi- 
mentation rate and the differential count may }ield helpful information 

Lewis-Fanning and Myers doubt that the sedimentation rate is altogether 
reliable in estimating the activity of a tuberculous process It is pointed out 
that the laboratoiy proceduie to obtain this rate maj' occasionally gne a result 
within normal limits in the presence of actively piogiessmg lesions However, 
their studies indicate that m general the rate is of considerable prognostic value 
since the mortaht) rate of patients leaving the sanatorium wntli the erythrocyte 
sedimentation rate still elevated w'as considerably highei than that of the group 
who w'ere discharged after the sedimentation rate had become normal 

Lockie, Sanes and Vaughan define Felty’s syndiome as a chronic nonspecific 
arthritis of adults accompanied by splenomegaly'’ and neutrophilic leukopenia 
The detailed postmortem obseivations in 1 case are leview'ed Histologically, the 
enlarged spleen demonstrated sinus endothelial hy'perplasia and infiltration by 
plasma cells and eosinophils, wdiereas sections of the liver show'ed parenchymatous 
degeneration and swelling of the Kuppfer cells Other notew'orthy findings w'ere 
interstitial myocarditis, thy'roiditis, pancreatitis and myositis The authors believe 
that these tissues demonstiated a nonspecific inflammatory' reaction The inefficacy 
of all forms of therapy' is emphasized Waitzkin’s patient derived temporary 
improvement following splenectomy In a case of Felty’s syndrome presented by 
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Steinberg splenectomy was performed after all conservative measures had 
failed to contiol the anemia Improvement of the blood occurred, but the arthritis 
did not recede Elsom and Ingelfinger report their findings in 2 patients both 
of whom had eosinophiha of the blood, pneumonitis and laboratory findings com- 
patible with chionic brucellosis 

Brumpt points out that a parasite of rats, Hepatozoon, is exclusively 
phagocytosed by monocytes and that white blood cell counts of infected animals 
have shown the monocytes ranging from 35 to 85 per cent The author suggests 
that the expeiimental use of this parasite might lead to a better understanding 
of the origin and development of the monocyte Fatal hemolytic anemia of pigeons 
caused by Plasmodium rehctum (a paiasite of birds resembling that causing 
malaria) is reported by Hill 

Nephiitis — Anemia as seen in 36 childien with nephritis is analyzed by 
MacArthur The group consisted of 21 children with acute nephritis, 5 with 
the nephrotic syndrome, 5 with nephrosclerosis (chronic interstitial) and 5 with 
chionic hemorrhagic nephritis Only in those with chronic hemoiihagic nephritis 
was tiue anemia found It was characterized by an orthochiomic, normocytic 
blood picture with a normal oi slightly increased number of reticulocytes and 
associated mild leukocytosis Iron therapy was without eftect on the anemia 
The author believes that the anemia is not due to hypoplasia of the bone marrow, 
foi it IS not associated with diminution of the number of white blood cells or of 
that of reticulocytes In the absence of complicating hemorihage, no anemia was 
found in the children with nephroscleiosis In the children with the nephrotic 
syndrome, hemoconcentration reached its maximum during the period of oliguria, 
but slight anemia was occasionally present In the children with acute nephiitis 
hemoconcentration was at its height during active diuiesis Our expeiience indi- 
cates that in advanced glomerulai nephritis with azotemia, and occasionally in 
nephrosclerosis with absolute renal insufficiency, selective impairment of erythro- 
poiesis occurs, the block appearing very early m the development of the red 
blood cells Only in this sense can the resulting anemia be designated as hypo- 
plastic In patients with nephrosis, mild to model ate anemia, often macrocytic, 
may be attributable to alterations in protein metabolism 

Cheimcal Intoxications — Eleven hundred and four woikers employed in the 
lubber industry were studied by Wilson They were exposed to benzene fumes, 
the concentration averaging 100 parts per million Seven and five tenths per cent 
showed slight blood changes, and 2 2 per cent moi e pronounced changes Of the 
latter group consisting of 25 persons, 9 were hospitalized, 3 of these died The 
blood changes resulting from exposure to benzene fumes can be summarized as 
leukopenia with increase in the ratio of monocytes and deciease in the poly- 
morphonuclear cells The red cell count, the hemoglobin content and the platelet 
count were low Aspirated marrow showed varying degrees of hypoplasia The 
blood piothrombin level remained normal The treatment recommended by the 
author consists of multiple small blood transfusions and infusions of 2 to 5 cc 
of yellow bone marrow Multiple vitamin therapy with intramusculai injections 
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of hvei extract, together with oral administration of iron, calcium and phospliouis 
IS suggested ^ ' 

Meyei and Gmsbeig==" lepoit fatal aplastic anemia following exposure to 
benzene fumes Prioi to death of the patient three unsuccessful attempts were 
made to obtain sternal marrow Postmortem observations are reported An 
aplastic maiiow was revealed 

The expected blood findings in lead poisoning are discussed by ICehoe The 
led cell count is likely to be decreased and perhaps low, but may be entirely normal 
The hemoglobin value may show similai variations, but no characteristic change is 
noted in the white cell count In most cases a significant increase in the number 
of stippled 1 ed blood cells in the peripheral blood is noted The mean number of 
stippled cells in the blood of normal persons is given as 339 18 ± 9 72 per million 
red blood cells In 30 cases of lead poisoning studied before the subsidence of 
an acute attack, an aveiage of 5,856 stippled red blood cells per million was found, 
with a range of 720 to 16,000 In tlie course of an acute illness the absence of 
stippled red blood cells can usually be taken as convincing evidence that lead is 
not the lesponsible agent, but an exception to this rule is seen in sudden over- 
whelming lead intoxication Due to the wide variation of the individual hemo- 
poietic response to plumbism, the number of stippled red cells cannot be taken 
as an index to the degree of absorption of lead A progressive increase m the 
stippled cells, however, is evidence of inci easing intoxication by lead On recovery 
from plumbism the stippled cells disappear before the concentration of lead 
in the blood and m the urine has returned to normal 

Matz 1 eports lead poisoning m a 20 month old child following the use 
of a plaster of lead oleate in the treatment of infantile eczema 

Increased numbers of stippled red blood cells were found by Abraham and 
Baird while they were examining blood films foi malaria at an army post 
Im estigation led to the discovery that tetraethyl lead gasoline was being used for 
cooking 111 a mess kitchen Five of 7 men exposed to the fumes were found to 
excrete abnormal amounts of urinary lead Clinical symptoms of lead intoxi- 
cation developed in 2 of the 5 men, while 3 remained symptom free The men 
m whom plumbism developed were cooking in a closed kitchen In other groups, 
cooking with tetraethyl lead gasoline outdoors under a tent fly, no signs of 
lead intoxication appeared 

The origin of porphyrinuria in lead poisoning was studied by Kark and 
Meiklejohn The type III coproporphyrm found m the urine in plumbism has 
been shown to differ from the type I porphyrin vhich is present in several other 
conditions associated with porphyrinuria This has led to the assumption that 
the porphyrin in lead poisoning, which is similar to the protoporph 3 ain of 
globin, IS present as a consequence of alteration in the metabolism of hemog o in 
The authors gave solutions of hemoglobin intravenously to 2 patients wit i ea 
poisoning The plasma bilirubin showed a rise resembling closely that o serve 
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in noimal persons, accompanied by a transient inciease in urinar} tiiobilinogen 
No detectable increase in the excietion of porplij-rm lesulted in either the urine 
or the feces The authors felt that the poiphyrm observed in lead poisoning was 
not deiived from abnormal destiuction of red cells but might originate from 
defective synthesis of hemoglobin The stippled red blood cells have been shown 
by others to contain protoporphyrin The present authors suggest that the 
stippled cells are the result of faulty synthesis of hemoglobin with resulting 
accumulation of porphyrin in the erythiocytes When the stippled cells are 
ultimately destroyed, the porphyrin, being an abnormal metabolite, is excreted 
in an abnormal manner Kench, Gillam and Lane take a different vie\\ of the 
origin of poi phy rmuria in lead poisoning They measured the amount of pro- 
topoiphyrin in the blood of 12 subjects whose exposure to lead had been 
moderately heavy The amount of pigment was insignificant compared with the 
quantity anticipated if the existing anemia was dependent on failure of iron- 
porphyrin formation One of the authors ingested 20 mg of lead acetate daily 
for thirty-eight days, and although urinary coproporphyrin type III reached 
high values the concentration of hemoglobin m the blood remained unaltered 
Furthei, no relation was found between the degree of stippling and the concentra- 
tion of protoporphyrin m the blood The diminution in the formation of hemo- 
globin in plumbism, the authors suggest, is due not to nonutilization of 
protoporphyrin but to depression of marrow function as a result of intoxication by 
lead 

An excellent review of the clinical and blood changes associated with poisoning 
in munition workers is presented by Noro The blood dyscrasias following 
exposure to amatol (a mixture of trinitrotoluene and ammonium nitrate) and 
tetr}l (tetranitromethylamline) were found to be similar One hundred and 
nine patients weie studied, and anemia, normochromic or hyperchromic, was found 
in 43, leukopenia m 22 and leukocytosis m 13 The white cell count ranged from 
2 600 to 20,300 per cubic millimeter Thrombopema was noted in 50 patients 
and thrombocytosis in 6 Poisoning following use of mercury fulminate produced 
anemia with a high color index and a remarkable degree of thrombocytosis, the 
platelet count reaching 1,240,000 per cubic millimeter in 1 instance 

No direct relation between synthesis of porphyrin and metabolism of hemo- 
globin was demonstrated by Bjorkman,®®"* who produced experimental lead 
poisoning in rabbits He feels that porphyiinuria has its origin in a disturbance m 
the metabolism of cytochrome Bambach, Kehoe and Logan report that 90 
pel cent of the total amount of lead in the blood of rabbits is found m the cellular 
portion after separation of the corpuscles by centrifugation 

The symptoms of chronic acetanihd poisoning are reviewed by Austin,^^® who 
reports the case of a 44 year old woman with chronic anemia and leukopenia due 
to combined acetanihd and ammopyrine poisoning The total white cell count 
never exceeded 3,000 pei cubic millimeter over a four year period of obseivation 
Piogiessive neutropenia and splenomegaly were noted On withdrawal of the 
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aforementioned drugs, the blood values returned to normal and the spleen was 
no longer palpable In this patient leuKopema and neutropenia followed oral 
administration of either ammopyrine or acetanihd A positive intradermal test 
was obtained with specially prepared aminopyime 


METHODS AND MISCELLANEOUS MATERIAL 


Quantitative studies on all of the corpuscular elements of the blood of healthy 
young men are reported b} liamie and Au The group comprised 137 boys and 
men between the ages of 15 and 25 yeais who were residents of the Hawaiian 
Islands This is the most compi ehensive study of the blood values of a large group 
of normal persons mIiicIi has been published No age or racial differences were 
noted in these \ allies, and the values reported agree closely with those which 
have been obtained in other pai ts of the ivorld Hicks determined the hemo- 
globin and erythrocyte levels of 125 infants within twelve hours after birth, 
excluding those who were deliveied prematuiely The obsen^ed range of the 
hemoglobin w'as 161 to 27 2 Gni per hundred cubic centimeters, with a mean 
of 22 3 Gm and a standard deviation of 2 77 Gm The red cells ranged between 
4,650 000 and 9 670,000 per cubic millimeter, wnth a mean of 6,950,000 and standard 
deviation of 950,000 The author found no correlation betw'een the hemoglobin 
i allies and the birth weights of the infants studied Unfortunately, he gives no 
infoimation concerning a possible relation between the length of time after delivery 
before the cord was tied and the concentration of erythrocytes and of hemoglobin 
In order to find out whethei routine determination of hemoglobin, of packed 
cell volume of erithrocytes of mean corpuscular hemoglobin concentration and of 
sedimentation rate w'ould \ield information of sufficient clinical significance to 
warrant permanent establishment of such a sen ice m a large general hospital, 
Sturgis and Bethell carried out these proceduies for almost all of the adults 
registering at the University Hospital, Ann Arbor, Mich , during a tw'o w^eek 
period The blood specimens weie collected with a minimum of stasis in tubes 
containing the dry ammonium and potassium oxalate mixture of Heller and 
Paul 2 mg of the combined salt for each cubic centimeter of blood The hemo- 
globin was detei mined by an oxyhemoglobin photoelectric method, calibrated 
w'lth the oxygen capaciti method of Van Slyke , the sedimentation rate w'as 
measured b}’’ the Wintrobe and Landsberg method, Wintrobe tubes being used, 
in wdiich the packed cell lolumes were later determined by centiifugmg at 3,000 
revolutions per minute for thirt} minutes Minimum normal hemoglobin values for 
men and women w'eie established respectively, as 13 3 and 12 1 Gm per hundred 
cubic centimeteis The maximum normal sedimentation for both sexes, cor- 
rected” to a hematocrit value of 47 per cent, was assumed to be 10 mm in one 
hour Determinations were made foi 763 persons including some healthy ones, 
who w'ere being examined before employment The total percentage of abnorma y 
low' hemoglobin values was 24 26 H}pochiomia, chai actenzed by a mean 
corpuscular hemoglobin concentration of less than 30 per cent, w'as indicated y 
the blood values of 72 4 per cent of the anemic patients The sedimentation 
of 48 4 per cent of the subjects exceeded 10 mm per lioui and those of 
per cent 15 mm per hour This suivey has now been established on an annua 
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basis, and data obtained from the examination of about 20,000 subjects will be 
leported at a later date 

Bruckmann determined the hemoglobin concentration of blood drawn from 
the vein, the ear and the finger for healthy and for anemic persons The values 
obtained on blood from the finger and the vein agreed closely, whereas those 
seemed on blood from the ear were significantly higher 

Hematologic values of normal male rats, including the erythiocyte count, 
the hemoglobin value, the reticulocyte percentage, the leukocyte count and the 
dififerential formula, are reported by Thewhs and Meyer,^^^ with a statistical anal- 
ysis of the data Kindred estimated for 8 young male rats the volume and 
the number of cells per unit volume of bone mairow, spleen, thymus, lymph 
nodes and Peyer’s patches, togethei with the percentage distribution of the 
different types of cells, the percentage in mitosis, the rate of growth and the rate 
of destruction He draws the conclusion that the myeloid elements are adequate for 
the maintenance of normal numbers of granulocytes but that the erythroid tissue 
IS insufficient to account for the circulating erythrocytes and the needs of replace- 
ment unless one accepts the theory of Jordan that small Ij'mphocytes may undergo 
transformation into erythroblasts 

Clegg and King point out that circulating hemoglobin may be divided into 
two parts (1) reduced hemoglobin and oxyhemoglobin and (2) caiboxyhemo- 
globin and methemoglobm or sulf hemoglobin A satisfactoi} method of determina- 
tion should measure both portions The author reports the use of an alkaline 
hematin method which accomplishes this purpose Specially prepared hemm is 
employed as a standard, and the method was found to be rapid, convenient and 
accurate Rimington describes a method for the determination of hemoglobin in 
which all of the heme pigments in the blood are converted to pyridine-hemochro- 
mogen and the concentration of this substance measured in a photometer Pure solu- 
tions of heme are readily piepared and serve as the basis for the standard Fhnk and 
Watson also employ a pyridme-ferrohemochromagen method in the determination 
of hemoglobin and related heme pigments in blood plasma, feces and urine The error 
in recovery of added hemoglobin for urine and plasma was within 10 per cent , for 
feces recovery ranged between 75 and 95 per cent The authors point out that 
protohematin and deuterohematin are not included m the heme pigments which 
are converted to pyndine-hemochromogen 

Duffie has devised a pocket-sized visual photometer for the estimation of 
hemoglobin An illuminant is mounted in the base of the instrument and a green 
filter no 74, is placed above the solution of oxyhemoglobin and the permanent 
sliding neutral gray standaid Color comparison is eliminated by this rapid and 
practical method, since the readings are based on the concentration of light passing 
through the green filter 
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Accoiding to Pondei,®*' neithei acid nor alkaline hematin methods of esti- 
mating hemoglobin agree well with Wong’s non method The enors of the 
hematm methods depend on the A'anable peiiods lequned for complete conversion 
of hemoglobin, and on substances othei than hemoglobin m both plasma and cells 
which affect the coloi of the solution 

The total volume of circulating erythiocytes as detei mined with the aid of 
ladioactive iron-tagged cells is not inci cased b) the administration of epinephrine 
to human subjects, according to Ross and Chapin,®^® although the) obseived 
rises m the venous hematociit values and the plasma protein concentration of 
fiom 4 to 6 per cent These changes were attributed to hemoconcentiation or to 
ledistnbution of cells and plasma in the vascular system 

A method of estimating the aveiage length of life of the red cells in the circu- 
lation of rabbits is repotted by Giaam®‘» Tins procedure is based on inducing 
1 eticulocytosis by means of liemorihage and determining the time which elapses 
between the reticulocyte peak and the secondary fall m the erythrocytes By this 
method the author detei mined a duration of life of erythiocytes of six to seven 
days m young labbits and about five days in older animals 

The changes m size of eiythrocytes occuiring after hemoirhage weie measured 
by Blown and Ins associates,®®® who found minor increases after a single large 
neinoirhage, still smaller inci eases after seveial severe hemonhages and no 
inciease after repeated withdiawals of small amounts of blood They observed 
no evidence indicating that swollen led cells are immobilized in the capillaries 
of muscles after hemorrhage or that such cells are returned to the circulation 
following plasma tiansfusion as previously described by Brennan The authors' 
observations, made aftei single laige hemoirhages in 13 human subjects, after 
operation in 9 cases and m 1 rabbit and 2 cats, indicated that hemodilution is 
complete in about twenty-four hours in normal subjects but that it maj be pro- 
longed for fiom three to four da}s after operation 

A method for determining the approximate surface area of the erjdhrocyte is 
desciibed by Beinstem and Chesluk ®®^ The procedure is based on the assumption 
that the erythrocyte is a flat disk lathei than a biconcave stiucture, but by con- 
struction of a rectangle the erioi introduced by this assumption is largely com- 
pensated foi By this method the mean suiface aiea of the erythrocytes of normaj 
subjects aveiaged 135 44 square nncions with a standard deviation of 3 517 
square microns 

Cytologic changes in polymoiphonucleai neutiojflnls occuiiing in toxic condi- 
tions are described by Pondei and Pondei ®®® Such changes include ameboid 
outline of the cell, toxic granules and vacuoles in the cytoplasm, and pyknotic 
areas in the nucleus A method is devised for the qualitative grading of each cell 
which, according to the authors, clearly reflects the clinical condition of the 
patient and is more infoimative than the total leukocyte count, the neutrophi 
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percentage, the nucleai shift oi the degeneiative index E Pondei desciibes 
two types of neutrophils, the “polycyte” and the “propolycyte,” in relation to the 
t}pical neutiophil, on the one hand, and the macropolycyte on the other ‘Toly- 
cytes and their precursors, propoly cytes, are charactei ized by hypei segmentation 
or complex nuclei, but are of usual size” Such forms are believed to result 
fiom an increase in the late of maturation of the neutrophil series, and when 
seen in the course of an acute or chronic infection, are of favorable prognostic 
significance 

The granules of eosinophilic leukocytes have been made the subject of an 
investigation by Buna According to him, such granules have been believed to 
consist of lipids (Hosier, Pappenheim), piotems (Weiss), lipoprotein complexes 
(Fiessinger) and hemoglobin (Weidenreich) Barker and Petry state that the 
granules of the eosinophils of horse blood contain 11 per cent of iron, a finding 
which has been challenged by Marwedel and Askanazy Liebereich has classified 
the granules of the eosinophils into two groups (1) the A granules, which aie 
soluble in acetic acid, (2) the A' granules, which are resistant to acetic acid, 
are basophilic and stain by the Ziehl-Neelsen technic Buna applied the Ziehl- 
Neelsen method of staining to sections of human and pig tissue, fixed in 10 per 
cent solution of formaldehyde and embedded in paraffin, and demonstrated that 
the granules of the eosinophils are not only acid fast but also alcohol fast The 
acid-fastness is a relative quality, since the granules are decolorized by prolonged 
treatment with nitric acid in a dilution of 1 3 He found varying degrees of acid- 
fastness in the granules of eosinophils, as well as in several other tissue elements 
This gradient of acid-fastness he considers quite different from the sharp dis- 
tinction between the A and A' granules of Liebereich Buna also studied the 
chemical composition of the eosinophil granules by means of micromcineration 
and found that they do not contain iron 

Dark field illumination in the study of stained blood possesses two chief 
advantages over the bright field technic, according to Ralph In the first place, 
structures which otherwise are not seen are rendered visible and lesolvable, and, 
m the second, greater ranges of size, lefractivity and color are obtained, per- 
mitting a more detailed differentiation of cell types 

A method for determining blood volume in dogs with the aid of radioactive 
phosphorus is described by Brown, Hempelmann and Elman In principle it is 
the same as that employing radioactive iron, but it possesses technical advantages 
The authors enumerate the superioiities of cell over plasma methods of deter- 
mining blood volume, namely Plasma is not so delimited anatomically as cells, 
changes in vascular permeability may affect results when plasma is measui ed , 
dyes introduced into the blood stream may diffuse out of the plasma or may be 
excieted Chapin and Ross believe that the hematocrit method of determining 
cell volume gives values which are too high They state that the true cell volume 
may be determined by dilution of dye T 1824 or by dilution of plasma proteins 
Values obtained in this way consistently average 8 5 per cent lower than hemato- 
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cut values for cell volume Results obtained by the use of ladioactive u on-tagged 
erythrocytes agreed with those secured by the dye and plasma protein dilution 
methods 


Sternal mairow obtained by aspiration may yield cultuies of typhoid bacilli 
when both blood and fecal cultures are negative, according to Sprenger Twelve 
cases aie leported The authoi states that positive results from culture of sternal 
mairow aie not limited to any special peiiod of the illness 

The anemia of flexed tail mice is due to the inheritance of a recessive gene, 
and the anemia itself conditions the associated skeletal and developmental changes, 
according to Gruneberg He describes the anemia as of normocytic, hypo- 
chromic type, but the data suggest that macrocytosis persists for a longer peiiod 
after birth in the anemic mice than m the healthy controls The author states 
that pathologic cell development is confined to the early embryonic and extra- 
medullary mode of hemopoiesis This type of blood cell formation is the sole 
form of hemopoiesis until the sixteenth day of gestation, and normally it is replaced 
by the definitive medullary type of erythi opoiesis at the time of birth or soon 
theieaftei, but in the anemic mice it peisists for about two weeks after birth 
and ceases by the beginning of the thud week The pathologic erythrocytes 
formed m this persistent abnormal hemopoiesis survive in the circulation for at 
least two but not for longer than six weeks With their final disappearance, the 
led cell picture of the flexed tail mice becomes entirely normal, but during 
the tiansition period between the two modes of erythropoiesis cells of intermediate 
giades of abnormality are observed in the circulating blood 

The factois governing the sedimentation of erythrocytes have been made the 
subject of an extensive study, repoited m a senes of articles, by Nichols®®® The 
work includes a survey of the literature on the subject, with a bibliography of 
347 lefeiences For his own detei minations the author employed horse blood, 
the Wmtrobe tube, Heller and Paul’s dry oxalate mixtme as an anticoagulant 
and a photogiaphic lecordmg device 

According to Whittington and Millei,®"’ the sedimentation velocity is mainly 
a function of the agglutination power of the plasma, and the kinematic viscosity of 
the plasma acts as an extiemely sensitive index of its agglutinating jxiwei 
Therefoie, the determination of the viscosity and the specific gravity of the plasma 
should give infoimation vhich is analogous to that provided by the measurement 
of the sedimentation rate The mathematical concepts which enter into these 
relationships are discussed, and experimental studies are reported 

The phenomenon of eivthiocyte sedimentation is reviewed by Della Vida,'*''- 
who advocates that the test be performed within four houis aftei the blood has 
been obtained and that the dry ammonium and potassium oxalate mixture of 
Heller and Paul be used as an anticoagulant He prefers a tube 200 mm m 
length with a diameter of 2 5 mm and states that only the late of fall during the 
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Critical Suivey of the Literature, J Lab & Clin Med 27 1317, 1942, II The Esta 

of a Reliable Measurement of the Phenomenon — Its Reproducibility and Limitations, i 
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period of constant settling should be lecoided Collections for anemia aie made 
by the use of the “sedimentm index” of Day 

Kopp found no absolute correlation between the plasma concenti ation of 
fibrinogen oi albumin, the albumin-globulin latio or the globulm-fibi inogen latio, 
on the one hand, and the corrected sedimentation rate, on the other The sedi- 
mentation late was usually inci eased when the globulin fi action of the plasma was 
elevated, regardless of the content of fibrinogen The authoi’s studies were carried 
out on 5 male patients undergoing fever therapy foi dementia paralytica He 
employed the Rouike and Ernstene method of determining the sedimentation rate 
The electi ophoretic patterns and the sedimentation rates of normal and of pathologic 
bloods were compared by Shedlovsky and Scuddei,’*’^ who obtained a con elation 
between the alpha globulin level and the sedimentation rate that was at least as 
good as the con elation involving the fibimogen level 

The sedimentation rates of healthy young persons between 11 and 17 yeais 
of age aie repoited by Roche, Stannus and Isbeig The subjects compiised 60 
boys and 40 girls, all residents of Miami Beach, Fla The Rouike and Einstene 
method \vas employed, and the values of 75 per cent of the subjects langed between 
0 09 and 0 65 mm 

The leturn of the sedimentation rate to normal closely paialleled the clinical 
recoveiy from acute glomei ulonephritis and could be coi related with changes m 
the Addis count, according to Rubin, Rapopoi t and Waltz Hei tz, Rmglei 
and Beinstem®°‘ were unable to confiim the conclusion of Kostei and of Feld- 
man that blood fiom patients with cancer exhibits an accelei ation of sedimentation 
which peisists for twenty -four hours or longer aftei its withdrawal They con- 
clude that this test is of no value m the diff ei entation of cancerous fiom non- 
canceious conditions 

Teleioentgenogiams were made m 32 cases of seveie anemia by Gupta In 
all but 2 cases theie was some increase m the transveise diameter of the heart 
above the piedicted normal An inverse i elation occuned between the hemo- 
globin content and the caidiac enlargement, but the greatest hypeitiophy was 
found 111 cases of “hypei chromic” anemia With impiovement of the anemia, a 
legiession of the size of the heart occurred m 95 per cent, although a certain 
amount of enlaigement peisisted even aftei the anemia had been collected 

Choked disks neie obseived by Watkins, Wagenei and Blown m 4 patients 
with various types of blood dyscrasia m whom no evidence of a related mtia- 
cianial lesion was found Two had thrombopenia puipuia One had severe 
anemia following lecuirent hemorihage from a gastiic ulcei It was suggested 
that the papilledema was pioduced m these instances by local tissue anoxia due 
to loss of blood 
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Book Reviews 


A Guide to Practical Nutrition Edited b\ Michael G Wohl, MD, and John H Willard, 
M D , for the Committee on Nutrition and Deficiency Diseases Price, not given Pp 98 
Philadelphia Philadelphia Medical Society, 1943 

Ihcse brief articles summanre well current Mew's on nutrition They are pleasantly 
written by men who know' the subject, some of national reputation One w'onders, however, 
whether there is really need for so many books on food and vitamins The subject has been 
publicized from everj possible quarter, lay and professional literature is readily available 
There are ponderous treatises, as w’ell as the kindergarten tjpe of syllabus for the ordinary 
citizen, who (it is presumed) needs a childish approach 

It would seem reasonable in times like these, when economy is important, that additional 
books on nutiition should contribute something really new This is hardly the case with the 
present compendium 


News and Comment 


GENERAL NEWS 

Mississippi Valley Medical Society — The ninth annual meeting of the AIississippi 
\'alley Medical Societj' will be held at Qumej, 111, September 29 and 30 The program for 
the meeting will be practical and will be ke 3 'ccl to w'artime medicine All ethical physicians 
are invited to attend Medical officers of the Armj’ and Na\y are cordially invited to, be 
guests of the society if they registei in service uniform A detailed program of the meeting 
may be obtained from the secrctarv. Dr Harold Sw'anberg, 209-224 W C U Building, 
Quincy, 111 

Mississippi Valley Medical Editors’ Association — No further meetings of the Mis- 
sissippi \'alley Medical Editors’ 'Association will be held for the duration of the war 
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Most studies of persistent hypertension following toxemia of piegnancy have 
been of a statistical natuie We are not familiar with any work that describes 
m detail the clinical course It is our purpose to do. this m the hope that it will 
provide a better understanding of the nature and importance of this disease and 
stimulate others to amplify our observations As we shall see, the clinical analogy 
of toxemia of pregnancy and its late effects to acute glomerulonephritis and its 
sequelae is striking despite a distinct difference m the etiologic and the pathologic 
aspects of the two diseases It will, peihaps, be convenient to bear in mind this 
analogy in considering the mateiial to be piesented It must be emphasized, how- 
ever, that the two diseases are different etiologically and pathologically 

In this report we have confined our studies to cases m which toxemia of preg- 
nancy was imposed on a previously normal cardiovascular lenal system Those 
cases in which toxemia aggravated preexisting hypertensive disease have not been 
included We have encountered a sizable group of cases of hypertension in women 
in which it was suspected that the vasculai disease originated in a toxemic pieg- 
nancy For the puipose of this study, however, we have had to exclude many of 
these cases because of inadequate data With 1 exception we have illustrated the 
important featuies of the course of post-toxemic hypertension by using only those 
cases in which the blood pressure and the urine were known to have been normal 
before or early in pregnancy, m which an accurate lecord of the toxemic couise 
during pregnancy could be obtained and m which the blood pressure was determined 
and urinalysis was performed at frequent intervals post partum 


DEFINITION or TOXEMIA OF PREGNANCY 

Elsewheie two of us (L D and S W ) ^ have defined toxemia of pregnancy 
(pieeclampsia and eclampsia) as an acute vasculai disorder chai acterized by the 
appearance in the lattei half of piegnancy of (a) an abnormal elevation of blood 
pressure above the prepregnancy level (regardless of the presence or absence of 
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hypertensive disease before the onset of pregnancy) or (&) an increase in the degree 
of albuminuria above the prepregnancy level in the absence of other obvious cause 
and (c) geneiahzed edema in association with the foregoing changes in the 
majority of instances and {d) a rapid diminution of these abnormalities before or 
soon after dehveiy Symptoms may or may not be present 

CRITERIA rOR THE DIAGNOSIS OE TOXEMIA OF PREGNANCY 

Ciiteiia foi the diagnosis of toxemia of pregnancy have been discussed else- 
whei e at length = The pi esence of hypci tension or albummuria in pregnancy does 
not necessarily imply the existence of toxemia Diagnosis depends on recording 
a significant increase dm mg the last half of pregnancy in blood pressure or degree 
of albuminuria above the level present before pregnancy, or during the first half 
Determination of the pi esence or absence of hypertensive disease in the pregnant, 
as well as in the nonpregnant, woman is almost impossible in borderline cases, 
despite the introduction of ingenious diagnostic measures in recent years It is 
not rare for the blood pressure to fall, particularly during the second trimester 
of pregnancy,^ as in animals with experimental renal hypertension ^ Should pre- 
vious hypertension be mild, normal values may be recorded The following case 
IS an example of this Plypertension persisted after toxemia m the second preg- 
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Fig 1 (case 1) — Post'toxcmic hypertension 


nancy During the third pregnancy, two years later, the blood piessure was high 
normal on many occasions, and one month post partum definite hypertension was 
again present Although it is infrequent to encounter normotension in a hyper- 
tensive patient during pregnancy, this case is included to illustrate the difficulty that 
may occur in evaluating measurements of blood pressure during gestation 

Case 1 (fig 1) — B D, a Negress, had no history of vascular or renal disease in the past 
Her first pregnancy, in 1936 when she was 35 years old, was terminated at three months y 
a spontaneous abortion, at which time the blood pressure was 126 systolic and 80 diasto ic 
and urinalysis revealed albumin (3 plus) One iveek after deliver}', the blood pressure was 


2 Dexter, L , Weiss, S , Haynes, F W , and Sise, H S Hypertensive Toxemia of 
Pregnancy Preeclampsia and Eclampsia, J A M A 122 145 (May 15) 1943 Dexter an 

3 (a) Reid, D E, and Teel, H M Non-Convulsive Pregnancy Toxemias iner 

Relationship to Chronic Vascular and Renal Disease, Am J Obst & Gynec ^7 t 
1939 (b) Dieckmann, W J , and Brown, I Hypertension and Pregnancy, i i 

(Nov ) 1938 (c) Dexter and Weiss ^ ^ the 

4 Goldblatt, H, in discussion on Erickson, C C, and Dill, L V 1039 

Effects of Renal Ischemia in Pregnant Dogs and Rabbits, Am J Path 15 6 (. ep 1 

Dawson, J R , Jr , Cressman, R D , and Blalock, A Experimental Hyper ^ 
Pregnancy in Dogs, ibid 17 31 (Jan) 1941 Corbit, J D , Jr ,041 

upon Experimental Hypertension in the Rabbit, Am J M Sc 201 876 (June; 
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122 systolic and 80 diastolic and the urine was free of albumin The prepartal lecord of the 
second pregnancy, in 1938, follows 


Year 

Month of 

Blood Pressure, 

Albumin 

Symptoms 


Pregnancy 

Systolic/Diastolic 

m Urine 


1938 

4 

122/66 

0 

0 


5 

120/68 

0 

0 


6 

118/88 

0 

0 


7 

120/80 

0 

0 


8 

120/80 

0 

0 


9 

184/104 

d — 1 — 1 — b 

0 

Eighteen days before delivery, the blood pressure was 126 systolic and 88 diastolic and the urine 

contained 

albumin (4 plus) The urinary sediment was 

normal The blood pressure rose. 

reaching 184 systolic and 104 diastolic before the onset of laboi, and large amounts of albumin 

persisted i 

in the urine Delivery 

was spontaneous and the fetus viable 

Post partum her course 

was as follows 




Year 

Time Post Partum Blood Pressure, 

Albumin 

Symptoms 



Sj^stolic/Diastolic 

in Urine 


1939 

7 days 

110/80 

+ 

0 


12 days 

115/70 

0 

0 


1 mo 

150/100 


Headaches , dizziness 


6 mo 

150/100 

0 

0 

1940 

1 yr 

160/100 

0 

0 

1941 

2)4 yr 

160/90 

0 

Dizziness 

1941 

3 yr 

170/110 

0 

0 

A third pregnancy occuired in 

1940, two years after toxemia The prepartal record was as 

follows 





Year 

Month of 

Blood Pressure, 

Albumin 

Symptoms 


Pregnancy 

Systohc/Diastolic 

m Urine 


1940 

4 

126/64 

0 

0 


5 

110/64 

0 

0 


6 

122/70 

0 

0 


7 

134/96 

0 

0 


8 

110/80 

0 

0 


9 

128/90 

0 

0 


One month post partum, however, the blood pressure was 180 systolic and 100 diastolic and 
remained elevated for at least one year 

Occasionally, there is extreme difficulty in ruling out borderline hypertensive 
disease antedating pregnancy This is illustrated by case 2 During the early 
months of pregnancy the blood piessuie was consistently at the upper border of 
noimal, although the patient was not definitely hypertensive at any time Toxemia 
developed during the last tiimester followed by definite persistent postpartum 
hypei tension It is possible that this patient had mild hypertension before preg- 
nancy and that it became aggravated by toxemia 

Case 2 (fig 2) — F S gave no history of vascular disease in the past Her only pregnancy 
took place m 1933, when she was 30 The course during pregnancy is summarized below 


Year 

Month of 
Pregnancy 

Blood Pressure, 
Systolic/Diastolic 

Albumin 
in Urine 

Symptoms 

1933 

3 

134/86 

0 

Nausea, vomitiii! 


4 

130/88 

0 

0 


5 

125/76 

0 

0 


6 

135/90 

0 

0 


7 

160/105 

0 

0 


8 

150/100 

-b 

0 


9 

164/110 

+ 

0 
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During the ninth month she was hospitalized on three occasions for toxemia and received 
conservative therapy Normal delivery followed the administration of castor oil The post- 
partum course was as follows ^ 


Year 

Time Post 
Partum 

Blood Pressure, 
Systolic/Diastolic 

Albumin 
in Urine 

Svmptoms 

1933 

7 days 

150/94 

0 

0 


1 mo 

160/100 

+ 

0 

1935 

DA yr 

170/100 

0 

0 

1936 

2J4 yr 

150/90 

0 

0 

1937 

4 jr 

180/100 

0 

0 


These cases are designed to illustrate the difficulties invohed in the diagnosis 
of hypertensive disease before pregnanc} In our opinion a sustained blood pressure 
of 130 to 140 min of mercury systolic and 85 to 90 mm of mercury diastolic during 



Fig 2 (case 2) — Probable post-to\emic hypertension 



Fig 3 (case 3) — Post-toxcmic hypertension and albuminuria 


the early months of pregnancy is frequently indicative of borderline preexisting 
hypertensive disease, particulaily in the age group under 30 The following case 
illustiates the development of toxemia of pregnancy and permanent hypertension 
m a patient whose urine and blood piessure were presumably normal before 
pregnancy 

Case 3 (fig 3) — R K, a Negress, had no past or familial history of vascular or renal 
disease The first pregnancy, m 1930 when the patient was 32, terminated in a miscarriage 
after a fall The second pregnancy, in 1935, was accompanied by mild nausea an vomi 
during the early months The prepartal record follows 


Year 

Month of 

Blood Pressure, 

Albumin 

Symptoms 


Pregnancy 

Systolic/Diastolic 

in Urine 

0 

0 

0 

Fainting, dizziness 

1935 

4 

120/80 

0 


5 

120/80 



6 

7 

125/90 

170/90 

0 

+ 


DA 

190/110 

++++ 



DA 

180/104 

H — 1-+4- 
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The patient was admitted to the hospital when she was seven and a half months pregnant, and 
with conservative therapy the blood pressure fell to 150 systolic and 100 diastolic When she 
was eight and a half months pregnant, however, she was readmitted with severe preeclampsia , 
delivery was normal, and the fetus died a few days after birth Post partum her course was 
as follows 


Year 

Time Post 
Partum 

Blood Pressure, 
Systohc/Diastolic 

Albumin 
in Urine 

Symptoms 

1935 

5 days 

124/80 

+++ 

0 

1935 

10 days 

118/88 

-1-++ 

0 

1936 

3 mo 

140/94 

+ 

0 

1936 

1 yr 

160/110 


Scotomas, enlarged 
heart 

1938 

3 yr 

170/110 

+ 

Scotomas , vertigo , 

nocturia with urination 

/ 

one to two times 

1940 

5 yr 

164/110 

-I-+. 0 



At the time of her last postpartum visit the patient had a convulsion lasting five minutes 
Her husband revealed that she had had similar attacks every two to three months during the 
previous two years 

FACTORS INFLUENCING THE DEVELOPMENT OF PERMANENT 
POSTPARTUM VA'^CULAR DISEASE 

It has been emphasized elsev hei e " that by fax the most impoi tant factor detei - 
mining the persistence of postpartum hypertension is the duration of the hyper- 
tension or the albuminuria duimg pregnancy no matter how mild it is Of 
decidedly secondary impoitance is the severity of the toxemia Indeed, after 
eclampsia permanent vascular sequelae aie uncommon ° We have advocated the 
termination of pregnancy after tliiee weeks m cases m which toxemia does not 
respond to conservative therapy Peckhaiii® suggested termination of pregnanc}’ 
after foui weeks for this same reason In the cases reported here it will be noted 
that the majority of women had preeclampsia, usually mild, and that it persisted 
for several weeks during pregnancy Case 6 is exceptional m that permanent 
vascular damage followed eclamptic toxemia of short duration Post-toxemic 
vascular disease is, therefore, one of the few types of hypertension which is often 
preventable 

EARLY stages OF POST-TOXEMIC HYPERTENSION 

Although It is common for the blood pressure and the urine to return to normal 
within a few^ days or weeks aftei the termination of a toxemic pregnancy, hyper- 
tension and albuminuria m some instances may persist for months before dis- 
appearing Such occurrences are not rare 

On the other hand, both blood piessure and urine may return to normal within 
a few days oi weeks, and subsequently hypei tension or albuminuria may reappear 
How long this “latent” period may exist is a matter of conjecture and is extremely 
difficult to evaluate, as other causes may supervene to play a role m the production 
of subsequent vascular disease We have seen instances in which hypertension 
did not reappeai for as long as five years or more after toxemia of pregnancy, 

5 Teel, H M, and Reid, D E Eclampsia and Its Sequelae A Clinical Follow-Up 

of All Cases at the Boston Lyiijg-In Hospital over a Twenty Year Period Am T Dbct Rr 
Gynec 3<l 12 (July) 1937 ’ 

6 Peckbam, C H , Jr Time of Onset and Duration of the Toxemias of Late Pregnancy 
in Relation to the Development of Permanent Vascular Damage, Am T Ohst 

42 638 (Oct) 1941 
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but it IS obviously impossible to decide what influence pregnancy had on the 
development of the hypertension under such ciicumstances In the following case 
toxemia of piegnancy was characterized predominantly by albuminuria The urine 
was fiee of protein six months post partum, but it contained albumin (2 plus) 
two yeais later 

Case 4 (fig 4) II C had a past and a familial history wdiich was iioncontributory 
Her only pregnancy, in 1938 and 1939 w-hcn she w-as 19 years old, can be summarized as 
folloW'S 


Year Month of 

Pregnancy 

Blood Pressure, 

Si stolic/Diastolic 

Albumin 
in Urine 

Si mptoms 

1939 5 

110/60 

0 

0 

6 

120/60 

0, ± 

0 

7 

120/60 

0 

0 

8 

130/70 

0 

Slight edema 

9 

132/82 

++ 

Moderate edema 

Ihc urinary sediment w'as normal at all times There 

was a 71 pound (32 Kg) gam m weight 

during pregnanc> Delivery, 

which was spontaneous 

and normal. 

was follow'ed by a rapid 
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Fig 4 (case 4) — Post-toxcmic albuminuria 


diuresis Tw^o monttis post partum, the blood pressure w’as 128 systolic and 80 diastolic and 
the urine containea albumin (1 plus) The patient had lost 40 pounds (i8 Kg) and had no 
complaints Four months later the urine W'as free from protein Tw'o and one-half yeais 
after pregnanc}’’, the blood pressure was 125 systolic and 75 diastolic but the urine contained 
albumin (2 plus) She was asj'mptomatic except for occasional edema of the ankles 


That a period of noimalcy may exist between a toxemic piegnancy and the 
aiDpeaiance of peimanent lecogni/able vascular disease is unquestioned Such 
factois as tiauma of delivei}, anesthesia and lest in bed undoubtedly mask the 
peimanent vasculai disease in some instances The tendency of attiibuting h}pei- 
tensive disease to a toxemic piegnancy that occuiied many 3 eais before is com- 
mon and often unjustifiable, since othei causes of the hypertension may have 


arisen duiing the interim 

In the majoiity of cases of post-toxemic hypei tension or albuminuria, blood 
pressure and urine never retuin to normal aftei delivery The level of the blood 
pressure remains borderline or definitely elevated, and variable amounts of albumin 
persist in the urine This early phase is illustrated m cases 5 to 8 
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COURSE or POST-TOXEMIC HYPERTENSION 

In those pei sons in whom permanent vasculai disease develops after toxemia of 
pregnancy the course is one of chronic piogression, as m other types of hypertensive 
disease At fiist the blood piessure may be boideiline, normal on one occasion 
and somewhat elevated on another In other cases it is definitely elevated on all 
occasions Ovei a period of years it may giadually inciease to high levels, or both 
systolic and diastolic pressiiies ma)' suddenly use fiom a model ate to a high level 
and take on the clinical aspects of malignant hypertension, as in case 5 In other 
instances, the couise may be malignant from the stait, as in case 7 We have 
been impiessed by the rapid piogression of the course of post-toxemic hyper- 
tension, the high levels to which both systolic and diastolic blood piessures may 
use and the mahgnanc}'’ of the terminal phases of the disease 

Albuminuria may be the only indication of peimanent residual renal impair- 
ment following toxemia (cases 4 and 8) This may peisist m small or large 
degiee for years unaccompanied by hypertension The urinaiy sediment may con- 
tain many hyaline and granular casts and erythrocytes, lesembling in every respect 
the urine of patients with chionic glomerulonephiitis We have not observed 
any instances of the so-called “nephrotic stage” of chronic glomerulonephritis in 
any of our cases of post-toxemic hypertension and albuminuria Rapidly pro- 
gressive hypertension may appeal terminally (case 8), often in conjunction with 
renal failure, as m other types of chronic renal disease with albuminuria, such 
as chronic pyelonephritis and chronic glomei iilonephritis 

At other times both hypei tension and albuminuria are present throughout the 
postpartum course (cases 3 and 7 ) It is our impression that in those cases m 
which toxemia has been characterized mainly by hypertension during pregnancy 
the course post partum is pi edominantly hypertensive and that m those in which 
the toxemia is characterized primarily by albuminuria the course post partunT 
IS predominantly albuminuric 

Once established the post-toxemic hypertensive vascular disease resembles 
closely that of other types of vascular hypertension For years there may be no 
symptoms whatsoever Eventually, however, the brain, heart or kidneys succumb to 
the ravages of the disease, as in hypertensive disease of othei causation Such 
cerebral symptoms as headache, dizziness, nervousness, irritability, insomnia and 
paresthesia and eventually aphasia and hemiplegia may develop The heart, at first 
normal, becomes enlaiged, and symptoms and signs of cardiac insufficiency may 
appear Finally, frank failure may ensue Renal function, as detei mined by the 
urea cleaiance test, the concentration test and the phenolsulfonphthalem test may 
gradually and progressively dimmish over the course of years With the advent of 
frank renal insufficiency there is nitrogen retention in the blood 

Recent studies of lenal clearance'^ have indicated that duiing toxemia of 
pregnancy the lenal blood flow is essentially normal and the filtiation rate some- 


7 Chesley, L C , Connell, E J , Chesley, E R , Katz, J D , and Glissen, C S The 
Diodrast Clearance and Renal Blood Flow in Toxemias of Pregnancy, J Clin Investwation 
19 219 (Jan ) 1940 Chesley, L C The Question of Glomerular Damage Following Toxemia 
of Pregnancy, Am J Obst & Gynec 42 229 (Aug ) 1941 Corcoran, A C , and Page I H 
Renal Function in Late Toxemia of Pregnancy, Am J M Sc 201 385 (March) 1941 Taylor 
H C, Jr , Wellen, I, and Welsh, C A Renal Function Studies m Normal Pregnancy and 
m Toxemia Based on Clearances of Inulin, Phenol Red, and Diodrast, Am I Obst Rr ("vn^r 
43 567 (Apr.,) 1942 Wplsh C A , Wdlcn, I apd Taylor, H C, Jr Rend Elotd FW 
Filtration Rate, and Tubular Excretory Mass in Patients with Specific Toxemia of Preenanrv’ 
J Clin Investigation 20 438 (July) 1941 AVellen, I , Welsh, C A , and Ta 3 lor, H C, Jr^’ 

{Footnote continued on next page) 
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what decreased In those cases in which permanent postpartum hypertension 
develops, howevei, the clearances chang'C after delivery in a manner indicating 
a deci eased lenal blood flow and an iiici eased filtration late, as in other types of 
chronic hypertensive disease These obseivations contribute to the evidence that 
hypertension is similai to the chionic types of hypertensive disease 
such as essential hypei tension and chionic glomerulonephiitis, and differs from the 
acute hypei tension of toxemia 

In our experience, cases in which the course is primarily albuminuiic are prone 
to terminate in renal insufficiency, \vhereas m those in which the course is pre- 
dominantly hypertensive cardiac failuie or cerebral hemorrhage develops terminally 
It IS of value to follow a patient’s cotiise by periodic retinal examination 
Vasculai spasm, papilledema, letinal detachment, hemorihages and exudates may 
appear during toxemia, but post partum they ordinarily disappear in the course 
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Fig 5 (case 5) — Post-to\emic hjpertcnsion 

of weeks oi months as the h) pei tension and albuminuria diminish ^ During the 
ensuing years of post-toxemic hypertension the retinal vessels giadually become 
narrowed and their lumens nregulai The light leflex is increased, and arterio- 
venous “compression” becomes pronounced The appearance of retinal hemorrhages 
and various types of exudate is usually an ominous sign To date, we have not 
seen the classic albuminuiic retinitis m the eyegiounds of any of oui patients 
The following cases illustrate the salient features of post-toxemic hypertension 

Case 5 (fig 5) — C H had had uncomplicated scarlet fever at the age of 2 Otherwise, 
the past history was noncontnbutory Being a nurse, she was known to have had normal 
blood pressure (120 systolic and 75 diastolic) and urine before and after her marriage, in 
1928 She became pregnant in 1929, at the age of 25 Blood pressures and results of urinalysis 
were normal through the twentieth week At this time, the blood pressure rose to 148 systolic 
and 112 diastolic without albuminuria and she complained of morning headaches Despite 
therapy the blood pressure remained elevated for the next nine iveeks During the twent}''-nmt 
week she was found to have a blood pressure of 170 systolic and 106 diastolic and albumin 
(4 plus) m the urine, together with moderate generalized edema After ten days of con- 
servative therapy, the blood pressure remained the same, she became drowsy and labor was 
induced A nonviable fetus was delivered Post partum her blood pressure fell to 130 to 
systolic and 90 to 100 diastolic for six months Albuminuria disappeared, but she comp aine 
of intermittent edema 

The Filtration Rate, Effective Renal Blood Flow^, Tubular Excretory Mass and Phenol Red 
Clearance m Specific Toxemia of Pregnancy, ibid 21 63 (Jan) 1942 Dill, L V , J? ’ 
M A , Cadden, M A , and Schaffer, N K Glomerular Filtration and Renal Blood flow 
m the Toxemias of Pregnancy, Am J Obst & Gynec 43 32 (Jan ) 1942 
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From 1930 to 1937 the blood pressure remained at about 140 systolic and 110 diastolic with 
intermittent edema and no albuminuria In 1937 the blood pressure rose rapidly to 175 to 
240 systolic and 136 to 160 diastolic The heart was found to be somewhat enlarged, and 
there was exertional dyspnea Retinal hemorrhages and exudates and advanced changes in 
the vessels of the eyes appeared The urine contained albumin (1 plus), but renal function as 
judged by the usual tests was normal In 1941 sudden blindness associated with clouding of 
the sensorium occurred transiently The patient complained of constant seveie headache A 
thoracolumbar sympathectomy was performed shortly thereafter by Dr Reginald H Smith- 
wick, after which the blood pressure fell to about 155 systolic and 110 diastolic, the eyegrounds 



Fig 6 (case 5) —Biopsy section of renal tissue Note the glomerulai destruction, the 
arteriolar thickening and the relatively normal tubules Phloxine-methylene blue stain, X 320 

improved, symptoms disappeared except for those associated with postural hypotension and 
renal function remained normal 

A biopsy of renal tissue (fig 6) at the time of sympathectomy revealed advanced nephro- 
sclerosis The majority of the glomeruli were damaged, many being destroyed or hyalinized 
Most of the tubules, on the other hand, appeared relatively normal in the biopsy section 
although some showed minor degrees of atrophy There was little increase in connective 
tissue elements The arteriolar changes were striking and were characterized by muscular 
-thickening of the media and narrouing of the lumens These changes are those of nephro- 
sclerosis ^ 
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Comment — Noimal prior to pregnancy, this patient experienced severe pre- 
eclampsia Avhich lasted foi ten Aveeks Hypertension persisted post partum and 
became clinically malignant eight years after pregnancy, although it has been 
relieved at least temporarily hy extensive sympathectomy 

Case 6 (fig 7) — B N , a Negress, had a noncontributory familial and past history 
There are no data available on her first four pregnancies The fifth through the eighth preg- 
nancy can be summarized as follows 


Pregnancy 

Year 

Highest Blood Pressure, 

Albumin 

No 


Systolic/Diastolic 

in Urine 

5 

1922 

110/70 

0 

6 

1925 

Miscarriage 


7 

1929 

120/70 

Rare -f 

8 

1930 

120/80 

0 


The ninth pregnancy occurred in 1932, when the patient was 38 years old, and was normal 
until the sixth month, when the blood pressure was 125 systolic and 80 diastolic and the urine 
did not contain albumin Less than tw’O weeks later she was admitted to the hospital because 
of three convulsions the day of entry Her blood pressure was 222 sjstolic and 120 diastolic 
and the urine contained albumin (1 to 2 plus) After the administration of magnesium sulfate 
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Fig 7 (case 6) — Post-toxemic hypertension 


the blood pressure fell to 160 systolic and 110 diastolic Five days later she was delivered 
spontaneously of a macerated fetus Her postpartum course has been summarized as follows 


Year 

Time Post 

Blood Pressure 

Albumin 

Symptoms 


Partum 

Sy^stolic/Diastohc 

In Urine 


1932 

7 days 

150/100 

+ 

0 


12 days 

126/80 

0 

0 


1 mo 

150/86 


Headaches 

1933 

1 yr 

150/106 


Headaches, enlarged 





heart 

1933 

W 2 yr 

156/90 

0 

Headaches, enlarged 

Tipprf 

1934 

(Abortion and sterilization when patient 2^2 months pregnant) 

1934 

2 yr 

140/80 

0 

Headaches 

1935 

3 yr 

210/110 

+ 

Headaches, vertigo, 

J 


1936 

1938 

1939 


4 yr 

6 yr 

7 yr 


210/130 

160/90 

150/90 


0 

0 


the legs , palpitation 
Palpitation 
Headaches , dyspnea , 
vertigo 

Headaches , dyspnea , 
vertigo 
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Comment — This is a rare example of permanent hypertension following an 
eclamptic pregnancy The blood pressme and the urine had been normal duiing 
several earhei pregnancies Convulsions occurred suddenly during the sixth month 
of the ninth pregnancy accompanied by severe hypertension and minimal edema 
For at least seven years following eclampsia the patient had hypertension with 
cardiac and cerebial symptomatology but with albuminuria rarely 

Case 7 (fig 8) — M_L O had a noncontributory familial and past history The first 
pregnancy occurred m 1935, when she was 18 There is no record of determination of blood 
pressure or examination of urine before or during the early months of pregnancy She was 
admitted to the hospital during the eighth month with a blood pressure of 180 systolic and 140 
diastolic and albumin (4 plus) in the urine The sediment contained many white cells and an 
occasional cast A stillborn infant was delivered shortly thereafter After delivery the blood 
pressure remained elevated and albuminuria persisted, although she was symptom free 

In 1938 she delivered another stillborn infant Shortly before delivery, the blood pressure 
was 224 systolic and 150 diastolic, and the urine contained albumin (4 plus) The sediment 
showed an occasional white blood cell and no casts She was complaining of vomiting and 
blurring of vision Examination revealed a detached retina A third pregnancy terminated 
in a spontaneous abortion at three months Vomiting had been the only symptom 


yCAR 

1935 1036 

1037 

1036 

1030 

1040 1041 

AGC 

16 10 

20 

21 

22 

23 24 

PREGNANCY 

mm 




■■ 

225- 

200- 

BLOOD 17fr 

PBCSSURC ISO 

MM HO \2!r 

100- 

75. 

ALOWINUniA ^ 

-111 ' 

1 



1 1 

I; 

L 

URtNAAr SEDIMENT 

NCG 

SENAL STATUS 

NPN 3b NPN IM 

RETINAL CHANGES 

BLURRED OETACHCO r^un^Tr®^ 

VISION RETINA /SvaX&SS 

CARDIAC STATUS 

NOCT DYSPNEA 
CML HEART 

CtRCSRAL SYMPTOMS 

TACIAU 

PALSY 


Fig 8 (case 7) — Post- toxemic hypertension and albuminuria 


In 1941 she suffered a palsy of the left side of the face which persisted Severe headaches 
and vomiting appeared She was admitted to the hospital in severe cardiac decompensation 
The blood pressure was 250 systolic and 130 diastolic, the urine contained albumin (3 plus), 
and the urinary sediment contained 10 to 15 red cells, occasional white cells and no casts The 
blood level of nonprotein nitrogen was 186 mg per hundred cubic centimeters The patient 
died in uremia shortly thereafter 

At autopsy, the kidneys were small and contracted and the surface was granular The 
capsule was thickened and adherent The cortex was irregular and considerably thinner than 
normal There was no evidence of pyelonephritis Microscopically, the renal changes were 
those primarily of nephrosclerosis The walls of the renal arterioles were greatly thickened, and 
narrowing of their lumens was pronounced, as may be seen in figure 9 Some glomeruli were 
intact, others obliterated and still others in various stages of destruction Marked atrophy 
and destruction of tubular tissue were present with relatively few functioning units still intact 
The destruction of glomeruli and tubules was reflected by a pronounced relative increase in the 
interstitial connective tissue 

The liver grossly and microscopically showed no abnormalities 

Comment ~ThQ clinical histor> suggests that vascular disease was caused 
toxemia of both the first and the second pregnancy The course following the 
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second pregnancy was one ol malignant AMSCular disease with death due to cardiac 
and renal insufficiency Unfoi tunatelv, there is no record of blood pressure and 
urinalysis before the first pregnancy Since autopsy showed nepnrosclerosis and 
failed to reveal othei causes toi the vascular disease, it seems plausible to assume 
that it was caused by the toxemia of both the first and the second pregnancy 



Fig 9 (case 7) —Section of kidney, showing advanced arteriolar thickening, glomerular 
and tubular destruction and interstitial fibrosis Eosin-methyleiie blue stain, X 160 

Case 8 (fig 10) —A E G had a familial and past history which was of no significance In 
1922 results of a urmaljsis were normal During hei first pregnancy, at the age of 2 in , 
there were nausea and vomiting and generalized edema during the last trimester At term, 
blood pressure was 140 systolic and 86 diastolic and albumin (2 plus) was present ^ 
together with a few red cells and many hyaline and granular casts In the latter ^ , 

second pregnancy, in 1929, the blood piessiire \aried between 100 to 120 systolic an 
80 diastolic throughout and the urine showed albumin (4 plus) on all occasions There w 
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no toxemic symptoms Labor was induced two weeks before term, and a normal infant was 
delivered In 1932, between pregnancies, albumin (2 plus) was noted m the urine In the same 
year there was an abortion at the third month of pregnancy, at which time the blood pressure 
was 120 systolic and 80 diastolic and the urine contained albumin (2 plus) Dm mg the fourth 
pregnancy, in 1935, albumin (4 plus) with occasional red cells and casts was noted in the urine 
at the eighth month and the blood pressure was 110 systolic and 80 diastolic Delivery of a 
normal child occurred From 1935 to 1940 the patient felt well and active In 1940 fatigue, 
headaches, vomiting and blurred vision appeared The blood pressure was found to be 215 
systolic and 135 diastolic, the urine contained albumin (2 to 3 plus) and many red cells and 
casts , retinal vascular changes and hemorrhages were present, and frank cardiac failure 
and renal insufficiency (blood level of nonprotein nitrogen, 123 mg per hundred cubic 
centimeters) were manifest She went rapidly downhill and died of cardiac failure and uremia 
At autopsy both kidneys were contracted and presented a granular surface The capsule 
was thickened, although not adherent Several small cysts were present in the cortex of the left 
kidney Microscopically, the renal architecture was markedly distorted, showing extensive 
areas of scarring and some areas of tubular hypertrophy and dilatation (fig 11) All of the 
glomeruli were damaged, many being completely sclerosed and hyalimzed Many of the tubules 
were atrophic, while others showed evidence of regeneration There was a diffuse inciease in 
connective tissue elements The arteriolar changes were striking There was concentric 



Fig 10 (case 8) — Post-toxemic albuminuria 


thickening of the media with encroachment of the lumens The larger vessels showed irregular 
hyaline intimal thickening and some medial fibrosis No necrotizing lesions were seen 

No evidence of cirrhosis w^as found on histologic examination of the liver Changes con- 
sistent with chronic passive congestion were the only abnormalities 

Comment — Aftei an albuniinuiic pregnancy in 1928 this patient’s condition, 
pieviously noimal, ran a couise characterized mainly by albnmmuiia and terminal 
hypei tension, with death due to uiemia and cardiac failure 

The folloivmg case of post-toxemic hypertension is presented despite a lack 
of piecise clinical data In this case too, renal tissue for biopsy ivas taken at the 
time of sympathectomy 

Case 9— E M , aged 35, had nothing of significance in the familial and past history Since -the 
menarche she had had severe left-sided headaches with scintillating scotomas, nausea and 
vomiting premenstrually The headaches became less severe and less frequent after marriage 
in 1929 During her first pregnancy, in 1931 at tlie age of 25, she had visited her physician 
iiionthly, starting at the second montli Blood pressure and urine w^ere said to have been normal 
until the eighth month During the seventh month massive edema of hands, feet and face appeared 
One month before delnery hypertension and albuminuria were said to have appeared for the 
first time She w^as treated medically and w'as delivered of a normal infant at term The blood 
pressure remained elevated after this pregnanci, and small amounts of albumin were noted 
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in the urine on many occasions Pregnancies occurred in 1933, 1935 and 1937 Two further 
pregnancies, in 1938 and 1940, were interrupted because of progressing hypertension In 1942 
the blood pressure was 230 systolic and 140 diastolic and the urine contained albumin (1 plus)’ 
The patient had complained of intense weakness for the two preceding years She appeared 
worn and prematurely grav Retinal examination showed only mild vascular change without 



Fig 11 (case 8) —Section of kidney, showing extensive scarring, damaged glomeruli and 
pronounced arteriolar changes Eosin-methylene blue stain, X 160 

hemorrhage or exudate Renal function was normal In May 1942, the one 

275 systolic and 140 diastolic and the urine contained variable amounts o a 
occasion the reaction for albumin was as great as 3 plus) A sympatiectomy va 
May 1942 by Dr Reginald H Smithwick, and renal tissue for biopsy was taken at tue 
of operation 


GOLDEN ET AL— VASCULAR DISEASE AFTER TOXEMIA 


315 


Renal Biopsy (fig 12) —The renal arterioles showed sclerotic changes which, however, were 
not severe The outstanding renal lesion microscopically was a diffuse degeneration of the 
tubular epithelium with swelling, degeneration, loss of contour and destruction The glomeruli 
were only slightly damaged Interstitial tissue was not increased 


COMMENT 

Toxemia of pregnancy (pieeclanipsia and eclampsia) occms in approximately 
6 to 9 per cent of all pregnancies® Furtheimore, from examination of published 
reports it is apparent that roughly 25 per cent of women in whom toxemia develops 
are left with permanent postpai turn vascular disease ° While these figures may be 



Fig 12 (case 9) —Biopsy section of lenal tissue, showing diffuse degeneration of the tubular 
epithelium Phloxme-methjdene blue stain , x 320 


8 Stander, H J An Analysis of Eight Hundred and One Cases of Toxemias of Preg- 
nancy, New England J Med 201 458 (Sept 5) 1929 Dieckmann, W J Renal Function 

m the Toxemias of Pregnancy, Am J Obst & Gynec 29 472 (April) 1935 Page, E W 
Relation Between Hydatid Moles, Relative Ischemia of the Gravid Uterus and the Ipiacental 
Origin of Eclampsia, ibid 37 291 (Feb ) 1939 

9 (a) Heirick, W W, and Tillman, A J B Toxemia of Pregnancy Its Relation to 

Cardiovascular and Renal Diseases, Clinical and Necropsy Observations with a Lomr 
Follow-Up, Arch Int Med 55 643 (April) 1935 (6) Dieckmann, W J , and Brown I Do 

Eclampsia and Pre-Eclampsia Cause Permanent Vascular Renal Pathology? Am T Ohcf a 
Gynec 37 762 (May) 1939 (c) Reid and Teel (d) Teel and Reid = 
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high because of existing difficulties in the classification of cases derived from various 
sources, it will be noted, if one assumes their validity, that in 2 per cent of all women 
who become pregnant permanent hypertension develops after pregnancy 

The question has been raised as to whether toxemia has brought to light hitherto 
latent and unrecognized h}pertension oi whether it has actually been the factor 
initiating the vicious circle of permanent hypertensive disease We believe the 
latter to be true in the light of the known facts both of clinical and of experimental 
hypertension 

Toxemia of pregnancy is a well defined disease entity It is an acute type of 
vasculai disease occurring duiing the last half of pregnancy, usually accompanied 
by greater or lesser degrees of w'ater retention, sometimes subsiding before delivery 
and always after delivery It maj appeal in w'omen with hitherto normal blood 
pressure as ivell as in those who are already hypertensive 

Its closest analog in a nonpregnant person is acute glomerulonephritis, from 
which it differs clinically mainly by the absence of preceding infection of the 
respiratory tract and lack of erythiocytes in the urinary sediment in all but the 
most severe cases Just as acute glomerulonephritis differs clinically and patho- 
genetically from the chronic type of hypertension following it or from the hyper- 
tension appearing in association w’lth pyelonephritis, endocrinopathies, arteiitides, 
congenital anomalies or from the idiopathic type (“essential” hypertension), so 
does the vascular disorder of toxemia of pregnancy differ There is no evidence 
wai ranting the postulation of pre\ious latent h}pertension m patients in whom 
acute glomerulonephritis and subsequent Inpertension develop Similarly, there 
is no good evidence for its existence in those in wdiom permanent hypertension 
develops after toxemia Both diseases i epresent acute hypertension of short dura- 
tion which may subside rapidly leaving no after-effects, may leave sequelae taking 
months to heal or may leaAe a peimanent vascular disease wdnch is to be clearly 
distinguished from the acute process wdnch produced it and wdnch m the meantime 
has subsided 

Isenhour and his co-w'orkers haA e recentl) studied a-v erage blood pressure 
and incidence of hypertension in a group of 900 parous and 900 nulliparous women 
subdivided into 10 yeai age groups Tliey found no increase in either the average 
blood piessuie or the incidence of hypertension among the parous women, regard- 
less of age group The authors concluded that toxemia of pregnancy is not an 
etiologic factor in hypertension nor does it hasten its appearance in women pre- 
disposed to this disease This conclusion does not seem wan anted on the basis of 
a series wdnch when subdnided into decades is so small This is particularly 


evident in the )’’ounger age groups (20 to 29 and 30 to 39), in wdnch the gross 
incidence of hypertension w'as comparatively low' (about 2 and 5 per cent) If 
toxemia of pregnancy were responsible foi 10 pei cent of the instances of hyper- 
tension in these age groups, a much largei senes than that reported w'ould be 
required to show' a significant increased incidence of hypertension due to this cause 
It IS perhaps important to emphasize the obvious fact that chronic hypertensive 
disease is in itself a disease entity which after a ceitain stage is irreversible, even 
if the initiating lesion is removed, be it a unilateral p 3 'elonephritic kidney or toxemia 
of pregnancy The chronic foims of hypertensnc vascular disease all behave 
similarly, as is indicated by the universal difficulty of differentiating the various 
causations on clinical and even on pathologic grounds The brain, the heart an 
the kidneys are the organs most affected, and their eventual failure is tlm cause 
of death in the great majority of cases The course of the chronic disease is flavore 


10 Isenhour, C E , Kuder, K, and D.U, L V The Effect of 
Blood Pressure and on the Incidence of Hypertension, Am J Id Sc 203 333 (March; 
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somewhat by the imtiatmg lesion Thus m cases of so-called essential hyper- 
tension death occurs usually as a result of ceiebral henioiihage or caidiac failure 
In cases of chionic glomerulonephritis, on the othei hand, the majority of deaths 
are due to renal insufficiency The course of post-toxemic hypertension may 
simulate that of chronic glomerulonephritis or that of benign or malignant “essen- 
tial” hypertension Death may result fiom cerebral hemoirhage, caidiac failure 
or uremia, paiticularly the last 

Heynemann “ studied pathologically the kidneys of 7 patients dying yeais after 
eclamptic pregnancies and obseived nephrosclerosis in 6 and chronic pyelonephritis 
in 1 Herrick and Tillman®" described 11 cases of toxemia of pregnancy m 
which autopsy was done, on histologic examination they encounteied nephro- 
sclerosis in 7 cases and chronic glomei ulonephritis in 4 cases BelH“ stated that 
he considered the pathologic change m toxemia to be a special form of glomerulo- 
nephritis, at least partially inflammatory in nature, and expressed the opinion 
that he could recognize characteristic lesions in the kidneys of a patient dying 
seven years after eclampsia This work has not been confirmed, however, 
and Page and Cox failed to find any specific pathologic condition post partum 
The only constant change was a nonspecific thickening of the basement membrane 
of the glomei ular capillaries Thus, the observations of these various authois 
indicate that the kidneys of patients dying of hypertensive vascular disease which 
originated years earlier in a toxemic pregnancy have the histologic changes chai- 
acteristic of chionic vascular nephritis (nephrosclerosis) or of chronic glomerulo- 
nephritis but not of preeclampsia or eclampsia From our own data we are m 
accoid with these obseivations and interpretations 

liistologic examination of the kidneys of our patients levealed nephrosclei osis 
as the basic and characteristic lesion The characteiistic renal changes of toxemia, 
the glomerulonephrosis of Fahr,^^ were absent This indicates that the specific 
lesions of toxemia had “healed ” 

It IS apparent that the kidneys may show a varied pathologic picture years 
after toxemia of pregnancy Aiteriolai change, consistent with hypertensive vas- 
culai disease, was seen in all oui cases and in those repoi ted by other investigators 
The pathologic change may be limited to this lesion or may include vaiying degrees 
of glomei ulai scarring and tubular degeneiation It is frequently impossible to 
distinguish post-toxemic kidneys from those of chronic glomerulonephiitis This 
IS not suipiismg, foi the acute stages of both diseases are characterized by a diffuse 
glomerulai lesion, inflammatory in the case of glomerulonephritis, degenerative in 
the case of toxemia Just as the lesions of acute glomerulonephiitis are not to 
be found in the kidneys of patients dying years later of chronic glomei ulonephritis, 
so also glomeuilonephi osis of Fahi,^^ characteristic of toxemia, is not encountered 
in the kidneys of peisons dying yeais later of chionic vascular disease This 
pathologic relation is of more than casual interest m view of the fiequent similarity 
of both the acute and the chionic clinical syndrome It is a common obseiwation 
that the chionic effects of various types of initial lenal lesions are identical or at 
least similai In oui cases, as uell as in those reported by other investigators, 

11 Heynemann, T Spatfolgen der Ekiampsie und ihrer Vorstadien unter besonderer 
Berucksichtigung der Nierenveranderungen, Zentralbl f Gynak 58 3010 (Dec 22) 1934 

12 Bell, E T Renal Lesions m the Toxemias of Pregnancy, Am J Path 8 1 (Jan ) 
1932 

13 Page, E , and Cox, A J Renal Changes Following Toxemias of Late Pree-nanrv 

West J Surg 46 463 (Sept) 1938 J^regnancj, 

14 Fahr T Die pathologisch-anatomischen Veranderungen der Niere und Leber bei der 
Ekiampsie, in Hinselmann H Die Ekiampsie, Bonn, Friedrich Cohen, 1924 
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the kidneys levealed changes practically identical with those in kidneys of patients 
dying of chronic glomerulonephritis and of “essential” hypertension 

No evidence of cirrhosis of the liver was observed in our 2 cases in which 
autopsy was done 

The iinpoi tance of lecognizing this group of patients with post-toxeiiiic hyper- 
tension lies not so much in its treatment as in its prevention In the great majority 
of cases this disease is pieventable by inteiruptmg pregnancy before the hyper- 
tension or albuminuria of toxemia has lasted foi more than three weeks This 
applies as much to mild as to seveie toxemia Furthermore, Irving has demon- ‘ 
stiated that the fetus, if an3'tlimg, benefits b}'^ dehveiy occurring between the thirty- 
second and the thirty-sixth ^\eek of pregnancy lather than later This is the 
commonest time of appearance of toxemia of pregnancy ^ 

SUMM \R\ 

The lathci common occurrence of permanent vascular disease following 
toxemia of pregnancy (pieeclanipsia and to a less extent eclamjisia) is described 
and the clinical course of this h}pei tension studied 

The clinical analogy between toxemia of piegnancy and acute glomerulonephritis 
as 1 egards the acute phases and the late eftects on the vascular system is pointed out 

The duration, more than the severity, of the toxemia during pregnancy deter- 
mines the development of peimanent postpaitum vascular disease 

A latent period of at least several months may intervene between toxemia of 
pregnancy and the development of lecognizable permanent hypei tension or 
albummui la 

After toxemia of piegnancy hypertension may peisist for at least a year and 
then disappear 

The postpartum course may be predominantly hypei tensive or albuniimiric. 
apparently dependent on a similar predominance in pregnancy 

The course is prone to be rapidly progressive in comparison with that of other 
types of hypertension 

Death usually occurs as a result of uremia, cardiac failure or cerebral hemor- 
rhage, as m other types of hypertension Retinal changes, such as vasculai sclerosis, 
hemorrhages and exudates, occiii, but no instances of true albuminuric retinitis 
have been observed 

Nephrosclerosis is the charactei istic postmortem finding The pathologic con- 
dition in the kidneys in other respects is variable, however, and at times may 
duplicate that of chronic glomerulonephiitis This is not surprising, as both dis- 
eases start rvith a diffuse glomei ulai lesion and the hypei tensive vascular disorders 
following the two diseases may lun almost identical clinical courses 

The importance of lecognizmg this group of patients with post-toxemic hyper- 
tension lies in its prevention The late vascular effects of toxemia may be pre- 
vented by inteiiLipting piegnancy before the l^pei tension and albummuna of 
toxemia have lasted for more than three wrecks This applies as much to mild 
as to seveie toxemia 

Dr A J B Tillman gave us permission to cite several cases from the records of the Sloaiie 
Hospital for Women, and Dr Reginald H Smithwick and Dr Benjamin Castleman 
us to examine the clinical and pathologic material in the 2 cases in which biopsy of rena i 
was done Dr Orville Bailey aided us in the interpretation of the pathologic material an 
photographed the microscopic sections presented 

Peter Bent Brigham Hospital 

15 Irving, F C A Study of Consecutive Cases of Hypertension and Albuminuria m 
Pregnancy, Pennsylvania M J 44 557 (Feb ) 1941 



FRIEDLANDER’S BACILLUS SEPTICEMIA AND MENINGITIS 

REPORT OF A CASE AND AUTOPSY, WITH AN ANALYSIS OF TWENTY-NINE 
CASES COLLECTED FROM THE LITERATURE 

JOHN C RANSMEIER, AID 

AND 

JAAIES W AIAJOR, AID 

NASHVILLE, TENN 

Meningitis caused by Fnedlander’s bacillus is a medical rarity The case to be 
repoited is of mteiest because of the scaicity with which reports of this disease 
have appeared in the American hteratuie It serves also to illustrate the danger 
of confusion with menmgococcic meningitis Until recently Friedlander’s bacillus 
meningitis was almost uniformly fatal, but m the last two years some cures have 
been obtained with sulfapyi idme ^ (2- [paraammobenzenesulfonamido] -pyridine) 
as well as with sulfadiazine" (2- [paraammobenzenesulfonamido] -pyrimidine), 
which has become available subsequent to the occurrence of our case It is hoped 
that m the future early diagnosis and vigorous use of the proper drug may make 
successful treatment moie geneially possible Since it appears that the dawn of a 
new era m the therapy of this formidable disease is being witnessed, a consideration 
of 29 cases collected from the available literature is included as a background 
against which piesent developments may be evaluated 

REPORT OF CASE 

Histoiy — E B J , a 73 year old white man, was brought to the hospital on Oct 30, 1940 
m stupor After a two year history of urinary symptoms culminating in complete retention 
he had entered another hospital six weeks previously Treated with retention catheter, he 
improved and was discharged on October 24 At home he had no significant complaints 
until October 29, when he began to suffer from progressive headache, backache and malaise, 
followed by a shaking chill and fever, with a temperature of 103 F On October 30 he 
became gradually less responsive and was admitted to the surgical service of Vanderbilt 
University Hospital 

Physical Examination — His temperature was 102 F (rectal), pulse rate 104, respiratory 
rate 24 and blood pressure 110 systolic and 70 diastolic The patient was acutely ill and 
semiconscious The pupils reacted normally, and there was no papilledema The nose and 
ears were not remarkable Aloderate injection of the pharynx was observed Alost of the 
teeth were absent, and the remainder were extremely carious Some increased resistance to 
flexion of the neck was noted, but true rigidity was not observed Kernig’s sign was absent 
The heart did not seem enlarged on percussion, the rhythm was regular and no murmurs 
were heard A few rales were detected at the bases of the lungs The abdomen presented 
slight resistance without true muscle spasm There was some tenderness in the right flank 
and costovertebral angle The prostate was enlarged, irregular and firm Several hard 

From the Department of Aledicine and the Department of Pathology, Vanderbilt University 
School of Aledicine 

1 (a) Robertson, C W Alenmgitis Due to B Friedlanden Recovery of a Case Treated 

with Sulfapyridine, Canad AI A J 45 70 (July) 1941 (&) Alontes, G G , and Real, W A 

Alenmgitis purulenta a neumobacilo de Friedlander (Klebsiella pneumoniae) curado con’dap-pnpn 
Bol Soc cubana de pediat 12 5 (Jan ) 1940 ' 

2 (a) Julianelle, L A Personal communication to the authors (ii) Trevett G I 

Nelson, R A, and Long, P H The Clinical Use of Sulfadiazine in the Therapy of Bac^ 
terial Infections Other than Pneumonia, Bull Johns Hopkins Hosp 69 303 (Oct) 1941 

319 



320 


ARCHIVES OF INTERNAL MEDICINE 


nodules were noted in it and in the right seminal vesicle The tendon reflexes were physio- 
logic, the plantar response was flexor on both sides and clonus was absent 

Course m Hospital — ^The blood on admission contained 5,600,000 red cells and 22,000 
leukocytes per cubic millimeter, 86 per cent of the latter being polymorphonuclear leukocytes, 
10 per cent lymphocytes and 4 per cent monocytes The hemoglobin measured 14 Gm per 
hundred cubic centimeters The Kahn reaction of the blood was negative Catheterization 
yielded 200 cc of cloudy urine containing 200 to 300 leukocytes and 3 or 4 erythrocytes per 
high power field in the centrifuged sediment A trace of albumin was present, but there was, 
no reduction with Benedict’s solution A retention catheter was inserted, and later specimens 
of urine revealed diminishing numbers of pus cells The nonprotein nitrogen content of the 
blood was SO mg per hundred cubic centimeters on admission but rose to 57 mg on the second 
hospital day despite the parenteral administration of fluids On October 31 the patient sank 
into a coma, his neck became stiff and a lumbar puncture was done The spinal fluid was 
purulent, was under an initial pressure of ISO mm and contained 2,800 cells, almost all of 
which were polymorphonuclear leukocytes The reaction to Bandy’s test was positive, and a 
pellicle formed when the fluid stood No organisms were found m smears 

The patient was then transferred to tlie medical service Examination revealed coma and 
rapid respirations witli irregularly recurring intervals of apnea The skin was sprinkled with 
petechiae varying from bright rose to dusky brown and from 1 to 3 mm in diameter, being 
most numerous on the chest but occurring also on the abdomen and extremities and in the 
palpebial conjunctiva of each eye The neck was very stiff and Kermg’s sign absent A sus- 
tained ankle clonus and a questionable extensor plantar response were present on the left 

A hard shaking chill occurred On the supposition that the patient was suffering from 
meningococcic meningitis, 6 Gm of sulfanilamide was administered by hypodermocl j sis, and a 
Levine tube was inserted into the stomach, through which an additional 5 Gm was given, 
followed by 2 1 Gm every four hours with equal amounts of sodium bicarbonate Lumbar 
puncture was repeated on the morning of November 1, wuth removal of 30 cc of turbid fluid 
containing 5,510 cells per cubic millimeter, of which 96 per cent were polymorphonuclear 
leukocytes No definite organisms were found m Gram strains of the sediment after centrifu- 
gation The level of free sulfanilamide in tlie blood and spinal fluid at that time were 202 
and 15 1 mg per hundred cubic centimeters, respectively The dose of the drug was reduced 
to 12 Gm and later in the day to 09 Gm, with equal amounts of sodium bicarbonate, given 
every four hours by Levine tube, and administration W'as continued at the latter dosage until 
the patient’s death 

Toward evening lumbar puncture was repeated, with similar results No organisms could 
be seen on careful search and cultures had not as yet shown growth This strengthened the 
impression of meningococcic infection, and the patient w'as given intrai enously 60,000 units 
of meningococcus antitoxin (Parke, Davis & Company) diluted with 10 per cent dextrose 
solution Later the pulse became very rapid and an electrocardiogram showed auricular flutter 
Fever persisted, the temperature reaching as high as 105 4 F (fig 1) Death occurred on 
the morning of November 2, early m the fifth dav of illness and about sixti -eight hours after 
admission to the hospital 

Bactcnologic Observations — Spinal fluid obtained on October 31 yielded no growth on 
blood agar, on cooked chocolate agar slants oi m dextrose infusion and sodium thioglycollate 
broths Two specimens of spinal fluid taken on No\ ember 1 showed Friedlander’s bacillus 
m all these mediums Cultures of urine taken on October 31 and November 1 showed pure 
growth of the same organism, which w'as also shown by the patient’s blood drawn October 31 
before institution of sulfanilamide theiap\ but only in dextrose broth after thirty -six hours’ 
incubation 

Study of the organism showed it to be a nonmotile, pleomorphic, gram-negative encap- 
lated bacillus with rounded ends and a tendency to bipolar staining On blood agar tlie 
colonies were round, white, lustrous, opaque, mucoid and characteristically stringy wdien 
touched w'lth the loop Growth was luxuriant and confluent in subcultures on solid mediums, 
including plain beef infusion agar There was no hemoly'sis of blood agar or blood broth 
Abundant growth occuired in sodium thioglycollate broth, ^ demonstrating facultative anaero- 
biasis Lactose, dextrose, xylose, mannitol, maltose and sucrose were readily fermented, with 
production of acid and gas Tests foi indole formation gave negative results A white mouse 

3 Brewer, J H Clear Liquid Mediums for the “Aerobic” Cultivation of Anaerobes, 

J A M A 115 598 (Aug 24) 1940 





RANSMEIER-MAJOR— MENINGITIS 


321 


was inoculated intrapentoneally with 025 cc of a twenty-four hour broth culture and died 
in less tlian eighteen hours The same organism was recovered in large numbers from its 
heart’s blood and stringy peritoneal exudate Neither a Qucllung reaction nor agglutination 
could be demonstrated in antipneumococcus type II seium A subculture from the patient’s 
spinal fluid was sent to Dr Louis A Julianelle, and he confirmed the identification of the 
organism as Fnedlander’s bacillus and classified it as serologic type B 

Autopsy — The body was somewhat emaciated Petechiae were present over the body gen- 
erally and in tlie conjunctival sacs Moderate amounts of clear serous fluid were present in 
the peritoneal and pleural cavities The pericardial sac was normal The heart weighed 
450 Gm , and a few small white opaque areas measuring 1 to 2 mm m diameter were 
present in the epicardium Section revealed the same kind of lesions scattered throughout a 
thickened myocardium The lungs showed only emphysema, but the bronchial mucosa con- 


FRIEDLAENDER’S BACILLUS 
SEPTICEMIA AND MENINGITIS 



t Sulfanilamide started 
I Anti-meningococcic serum 

Fig 1 — Record of respiratory rate, pulse rate and tempeiature in a case of Fnedlander’s 
bacillus septicemia and meningitis 


tamed many petechiae anef was covered by a gelatinous purulent exudate The serosa of about 
4 feet (122 cm) of the midportion of the small intestine presented many hemorrhagic areas 
measuring 0 5 to 1 cm in diameter The corresponding intestinal mucosa was riddled with 
shallow, soft hemorrhagic ulcers varying from 2 to 5 mm in diameter The liver weighed 
1,950 Gm and contained many small irregular yellowish opaque areas scattered over its 
surface and throughout its substance These measured 2 to 5 mm m diameter The spleen 
pancreas and adrenals were not remarkable The kidneys were enlarged, weighing 250 to 
300 Gm Their capsules were partially adherent, and both on the surface and throughout the 
kidney substance on section many small yellowish opaque lesions of the same type were seen 
(fig 2) There was no evidence of mucosal inflammation m the genitourinary tract The 
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prostate was firm and irregular After removal of the brain tlie meninges presented a slight 
diffuse haziness but no definite exudate The vessels and nerves were normal, and the lateral 
sinuses were unmvolved 

Microscopic examination revealed the minute lesions of the myocardium, liver and kidneys 
to be miliary abscesses, some of which were also found in the pancreas and adrenals They 
were composed of centers of necrotic material containing polymorphonuclear cells and fibrin 
sui rounded by an acute exudate with some fibroblastic proliferation An acute bronchitis was 
present but no notable pneumonitis The intestinal ulcers presented an acute inflammatory 
appearance and were superficial, not involving the muscular layers The kidney pelves showed 
no inflammation Carcinoma of the prostate was present Sections of the brain revealed a 
diffuse acute purulent leptomeningitis with polymorphonuclear leukocytes predominating in the 
exudate Some vessels within the brain were surrounded by groups of polymorphonuclear cells 

Cultures of the blood, meninges, bronchi and hepatic abscesses yielded an organism identical 
with the one isolated from the blood, urine and spinal fluid during life 



Fig 2 — Photograph showing embolic abscesses in the kidnej 


COMMENT 

The portal by which the infection gained entiy cannot be stated with certainty 
Since the lesions observed in the urinary tract at autopsy appeared to be hema- 
togenous, it was felt unlikely that the infection began there Although the existence 
of a purulent bronchitis suggested the possibility of origin in the respiratory system, 
the history failed to substantiate this theory In view of the extensive and rather 
unusual ulcerative lesions in the small intestine, it may be that the infection began 
as enteritis, with invasion of the blood stream resulting in embolic abscesses 
throughout the viscera and terminal meningitis Banti ^ reported a fatal case of 
Fnedlander’s bacillus septicemia, likewise without diarrhea, in which similar 
ulceiations were seen involving the colon and ileum 

4 Banti, G Sopra quattro nuove specie di protei o bacilli capsulati, Sperimentale 
62 139 (Aug) 1888 
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ANALYSIS OF THIRTY CASES OF FRIEDLANDER’s BACILLUS MENINGITIS 

Meningitis due to Fiiedlander’s bacillus is uncomnion in the United States 
Etiologic analysis of several large senes of cases from vaiious cities revealed that 
the meningitis was caused by Friedlandei’s bacillus in only 3 of a total of 3,714 
cases The case of Fothergill and Sweet is, to our knowledge, the only one of 
these which has been lepoited Single instances of Fnedlander's bacillus men- 
ingitis in this country have been desciibed by Rothschild,® Gowen and Kolmer and 
Rule® In addition, Robertson has leported a case from Canada^® and Montes 
and ReaU’^ 1 fiom Cuba Most of the publications concerning this disease have 
appeared in European journals The first case was lecoided by Weichselbaum ° 
(cited by Etienne^®) only six years aftei Fiiedlandei’s oiigmal desciiption of the 
oiganism, in 1882 

We have been able to collect data on 30. cases of meningitis caused by 
encapsulated bacilli of the Fnedlander gioup, consisting of our own and 29 cases 
from the available liteiatuie, as listed in table 1 Since it appeals from the work 
of Juhanelle,“ Edwaids and Osterman and Rettger that Fiiedlander’s bacillus 
and Bacterium aeiogenes are closel}'’ related, if not indistinguishable, a few cases m 
which the disease was attiibuted to the lattei oiganism are included 

Tca, Race and Age — Of the 30 patients lepoited on, 19 weie males and 8 
females, and for 3 the sex was not stated One patient vas a Negro,® 2 weie 
Chinese and the remaindei weie piesuniabl}^ of the white lace The age distii- 
bution IS shown in table 2 On the basis of the age incidence obseived by Neal m 
1,496 cases of nontubeiculous meningitis of all causes,®*^ the expected numbei for 


5 (a) Holt, L E Observations on Three Hundred Cases of Acute Meningitis in Infants 

and Young Children, Am J Dis Child 1 26 (Jan) 1911 (b) Dunn, C H Cerebrospinal 

Meningitis Its Etiology, Diagnosis, Prognosis and Treatment, ibid 1 95 (Feb) 1911 (c) 

Gilbert, R , and Coleman, M B Incidence of Various Species of Bacteria in Spinal Fluids 
from Cases of Meningitis, J Lab & Chn Med 13 547 (Feb) 1928 (d) Neal, J B 

Experience of the Meningitis Division of the New York Department of Health, Am J Pub 
Health 21 147 (Feb ) 1931 (c) Fothergill, L D , and Sweet, L K Meningitis in Infants 

and Children with Special Reference to Age Incidence and Bacteriological Diagnosis, J Pediat 
2 696 (June) 1933 

6 Rothschild, K Meningitis Caused by Fnedlander’s Bacillus, J A M A 97 1956 
(Dec 26) 1931 

7 Gowen, G H A Case of Friedlander’s Bacillus Meningitis Secondary to Bilateral 
Otitis Media, Illinois M J 65 533 (June) 1934 

8 Kolmer, J A, and Rule, A M Sulfanilamide and Sulfapyridine in Treatment of 
B Fnedlander (Klebsiella Pneumoniae) Infections of Mice, Proc Soc Exper Biol & Med 
42 305 (Oct) 1939 

9 Weichselbaum, A Ueber eine von einer Otitis media suppurativa ausgehende und 
durch den Bac pneumoniae (Fnedlander) bedingte Allgemeininfektion, Monatschr f Ohrenh 
22 200 and 229 (Aug ) 1888 

10 Etienne, G Le pneumobacille de Fnedlander Son role en patliologie, Arch de med 
exper et d’anat path 7 124, 1895 

11 Julianelle, L A Immunological Specificity of Bact Aerogenes and Its Antigenic 
Relation to Pneumococcus Type II and Friedlander’s Bacillus Type B J Immunol 32 21 
(Jan ) 1937 


12 Edwards, P R Relationships of the Encapsulated Bacilli with Special Refeience to 
Bact Aerogenes, J Bact 17 339 (May) 1929 

13 Osterman, E , and Rettger, L F A Comparative Study of Organisms of the Fnedlander 
and Coli-Aerogenes Groups, J Bact 42 699 (Dec ) 1941 

14 (a) Beitzke, H Ueber einen Fall von Meningitis, verursacht durch Bacterium laetis 

aerogenes, Centralbl f Bakt (Abt 1) 37 496, 1904 (6) Deane, A, and Shera, G A Case 

of Infection of the Meninges by Bacillus Lactis Aeiogenes, Lancet 2 1237 (Dec 15) 1928 
(c) Davis, L J , and Fernando, F S Meningitis Due to Mucoid-Encapsulatcd Bacilli 11 
Tr Roy Soc Trop Med & Hyg 29 143 (July) 1935 ^ 
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each of the three large age groups shown has been calculated and compared with 
that observed Below the age of 3 years the incidence was about what might be 
expected It should be mentioned that a large proportion of these patients (9 out 
oi 11) were under 9 months of age The age group from 3 to 20 years was 


Table 1 — Tlufty Cases of FrtcdlandeVs Bacillus Meningitis 



Year 

Pub 

Patient’s 
, , 

Probable 

Primarj 

Other E\tra 


Published by 

llsbcd 

Sc\ 

Ago 

Focus 

meningeal Poci 

Outcome 

Woichselbaum ^ 

1888 

P 

64 yr 

Otitis media 

■Mastoiditis eustachian 
salpingitis, paranasal 
sinusitis 

Death 

DinocbowsU 

1894 

M 

64 yr 

Sphenoid and 
ma' lllary 
sinusitis 

Osteomielltls of Tacial 
bones, phlegmon of face, 
brain abscess 

Death 

Etienne 

1895 

M 

33 yr 

Pneumonia 

Empyema, arthritis 

Death, C days 

Brunner 

1890 

M 

55 yr 

Otitis 

Petrositis sinus thrombo 
sis, embolic abscesses in 
kidneys 

Death, G weeks 

Jassniger 

1901 

M 

10 jr 

Sphenoid 

Cavernous sinus phlebitis 

Death, 7 days 

BcitzLe 

Bonhoff andEsch 

1904 

1912 

M 

3 Bk 

Few 

bom 

Unknown 

Otitis 

None found 

Death, 18 days 
Death, 14 days 

Siredej , Lcmaire and 
do Jong 

1912 

M 

20 yr 

Pharyngitis 

None found 

Death, 12 days 

Einon andBlamoutier i® 

1921 

r 

44 jr 

Otitis 

Petrositis 

Death 

Elias, case 1 

1924 

M 

02 dajs 

Bronchitis “> 

Paravertebral pneumonia 

Death 

Menetrier and Bertrand 

I ontaine ®® 

1924 

M 

33 yr 

Unknown 

None found 

Death, 4 days 

Lion and AIin\ lello 

1921 

M 

38 yr 

Pneumonia 

Abscess of lung 

Death, 23 days 

Dufourt, Bclattre and 
Bonnet 

1920 


9 mo 

Arthritis, ankle 
and elbow 

None found 

Death, 2% mo 

Papandrea,®- case 1 

1927 

P 

51X10 

Pneumonia 

Pleuritis, pericarditis 

Death, 26 days 

Papandrea,®® case 2 

1927 

M 

2>^jr 

Unknown 

None found 

Death, 6 days 

Brain and Valentine ®®'‘ 

1028 

M 

22 jr 

Otitis 

Mastoiditis (postoperative) 

Death, 22 days 

Beane and Shcra 

1928 

P 

71 3 r 

Cholecystitis 

None found 

Death 9 days 

Eothschild ® 

1931 

M 

34 jr 

Otitis 

Mastoiditis, subdural 
abscess 

Eecovery 

Comte, Levj Brulil and 
Dany -® 

1931 

M 

50 3 r 

Unknown 

None found 

Death, 7 days 

Potherfeill and Sweet ®'' 

1903 

M 

4 T\k 

Unknown 

None found 

Death 

Gowen " 

1934 

P 

03 3r 

Otitis 

Mastoiditis, absce'-Ecs in 
neck and arm 

Death, 3 mo 

Dans and Fermndo,^*' 
case 1 

1935 

P 

29 3r 

Uterine Infec 
tion 7 

None found 

Death, 9 days 

Davis and rernando,^^® 
case 2 

1935 

M 

1 nno 

Unknown 

Basal pneumonia (® terminal) 

Death, 11 days 

Lcenhardt, Boucomont 
and Balmes ®<<- 

1937 


4’/6 mo 

Unknown 

None found 

Death, 8 days 

Sicard and Pluvinage i®® 

1937 

P 

68 3 r 

Frontal 

sinusitis 

Osteomyelitis frontal bone 

Death, 4 weeks 

Kolmer and Eule ® 

1939 

M 

30 3r 

Frontal eth 
mold and sphe 
noid sinusitis 

None found 

Death 11 days 

Slobozianu and Tones 

CU ®'i® 

1940 

F 

Now 

born 

Pneumonia 

None found 

Death, 4 days 

Montes and Eeal ®® 

1940 

M 

2 3r 

Unknown 

None found 

Eecovery 

Eobertson 

1941 

M 

49 yr 

Mn\iIInry 

sinusitis 

’ Bronchopneumonia 

Eecovery 

Eansmcier and Major 

1912 

M 

73 3r 

Unknown 

Bronchitis, enteritis, miliarv 
abscesses in viscera 

Death, 5 days 


surpiisingly spared (14 patients expected, 1 observed), while a preponderance 
of the patients were adults (5 expected, 18 observed), many of them in the later 
decades of life From this series it appears that Friedlander’s bacillus meningitis, 
ike other varieties, may occur m infants but is peculiar in that it tends to spare 
children over 3 years of age and has an unusual predilection for older adults 
Probable Pnmary Focus — The portal of entry for the infection is of the greatest 
interest but cannot always be established The probable primary foci in 30 cases 
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are shown in tables 1 and 3 It will be noted that infections of the middle eai, 
mastoid and sinuses weie found in over half the adults, while m the majority of 
the patients undei 3 yeais of age the primary focus was unknown Chronic disease 
of the eai and sinus of many yeais’ duration may provide the avenue for invasion 
of the meninges in adults, while the sinuses are poorly developed m infancy and 
would not be expected to be of importance in that period of life In 2 of the adults 
extiemely severe sinusitis with osteomyelitis of the bony walls of the frontal and 
maxillary sinuses was obser\ed,^'^ while in 1 case the caveinous sinus was involved 
secondaiily to sphenoid sinusitis^® Pneumonia was consideied a precursor of 
Friedlander’s bacillus meningitis in only 5 cases Single cases in which the 
disease was piobably secondaiy to cholec 3 'stitis,^^*’ arthritis^" and uterine infection 


Table 2 — Compausou af Age Incidence in 30 Cases of Fiicdlander’s Bacillus Meningitis 
with that Obscived in 1,496 Cases of Nontiibct culous Meningitis of All Causes 


Cases of Priedlander’s 


Nontuberculous Meningitis Bacillus Meningitis, 
(Neal Number of Cases 

A A 


Age Group 

i 

Kumber 

Per Cent 

t 

Observed 

Expected 

Under 3 yenrs 

509 

34 

11 

10 2 

3 to 20 year"; 

TIG 

48 

1 

14 4 

Over 20 year® 

271 

18 

18 

54 

Total 

1.49C 

ICO 

30 

30 0 


TtBLE 3 — Piobablc Prnnaiy Foctu in 30 Cases of Fi icdlandcr’s Bacillus 


Meningitis, Accoiding to Age* 



Number of Cases in Age Groups 

Probable Prlmarj Pocus 

Under 3 Tears 

10 to 73 Years 

Total 

Otitis, mastoiditis, etc 


1 

C 

7 

Paranasal sinusitis 



5 

5 

Pneumonia, bronchitis 


3 

2 

5 

Pharyngitis 



1 

1 

Cholecystitis 



1 

1 

Arthritis 


1 


1 

Uterine infection ? 



1 

1 

Unknown 


G 

3 

9 

Total 


11 

19 

30 


* None of the patients iierc between 3 and 10 years of age 


(Davis and Fernando,^^'^ case 1) ha^ve been reported Phaiyngitis was thought to 
have been the primary focus m 1 instance Since it is known that Friedlander’s 
bacillus may occasionally be isolated from the throat of a person with or without 
pharyngeal symptoms, it is conceivable that the organism may have entei ed through 
the pharynx in some cases in which the route of invasion has not been established 

15 (a) Dmochowski, Z Beitrag zur Lehre uber die pathogenen Eigenschaften des 
Fnedlander’schen Pneumococcus, Zentralbl f Bakt (Abt 1) 15 581 (April 27) 1894 ijo) 
Sicard, A, and PIuMnage, R Menmgite a pneumobacilles de Friedlander, Presse med 45 : 
1800 (Dec 15) 1937 

16 Jassniger, K Der Pneumococcus Friedlander als Erreger der eitrigen Meningitis 
cerebrospinalis, Zentralbl f Bakt (Abt 1) 30 1 (July 12) 1901 

17 Dufourt, A , Delattre and Bonnet Menmgite trainante a pneumo-bacille de Fried- 
lander chez un nournsson, Lyon med 138 375 (Sept 26) 1926 

18 Siredey, A , Lemaire, H, and de Jong Menmgite cerebro spinale a pneumo-bacille de 
Friedlander, Bull et mem Soc med d h6p de Pans 34 258 (July 26) 1912 
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Associated Complicating Conditions — In the adult patients of Weichselbaum,® 
Renon and Blamoutier,^® Rothschild® and Menetriei and Beitrand-Fontaine 
sugar was found in the ui me, while Robei tson’s patient was known to have 
diabetes Brunner’s patient had cii rhosis of the liver, and autopsy of our patient 
shoved carcinoma of the prostate Some other patients were thought to have 
been alcoholic addicts The infant patients of Beitzke and Papandrea ~~ had con- 
genital syphilis Two new'born infants wnth the disease were found to have intra- 
cranial hemorrhages It seems likely that debilitating conditions may predispose 
to the development of Fiiedlander’s bacillus meningitis 

Diagnosis — The usual signs and symptoms of meningitis are present m adults 
but may be lacking m infants The diagnosis is a purely bactenologic one and 
lests on the finding of the organism m smeais and cultuies of the spinal fluid Of 
19 cases of Fiiedlander’s bacillus meningitis, including our own and others from 
the hteiature in which exact data were given, direct smears of the spinal fluid at 
the time of the fiist lumbar puncture w'eie negative m 5 instances Thus m about 
one fouith of these cases organisms weie not found m the first smear This fact 
is of consideiable importance, since the failuie to demonstrate organisms m 
smeais of puiulent spinal fluid wdien a diagnosis has not been made is usually 
consideied strongly suggestive of menmgococcic infection Petechial hemorrhages 
occurimg wdien Fiiedlandei’s bacillus septicemia is present may further confuse 
the pictuie, as m the case heie reported We have encounteied 3 other cases of 
Fiiedlandei’s bacillus meningitis m w'hich the initial diagnosis was unceitain enough 
so that antimenmgococcus seium w'as gnen Cultures of the spinal fluid from the 
first lumbar tap w'ere positive m 15 of 17 cases 

The spinal fluid as m no way chaiacteiistic, showing the usual changes of a 
pui ulent meningitis, w'lth the cells m the exudate predominantly polymorphonuclear 
and an increased piotem content and a diminished sugar content 

The demonsti ation of extramemngcal foci, such as otitis media, mastoiditis or 
sinusitis, may be suggestne if Fiiedlander’s bacillus is showm to be the causative 
agent of such processes Pi esence of the organism m cultures of material from the 
tin oat, of the urine or of the blood may supply additional evidence Friedlaiider’s 
bacilluria w^as obseived m 1 fatal case®® besides our owm in wdiich a blood culture 

19 Renon, L , and Blamoutier, P Un cas de incningitc ccrebrospinale a pneinnobacille de 
Fnedlander d’ongme otilique, Ann de med 9 119 (Feb ) 1921 

20 Menetner, P , and Bertrand-Fontainc Sur un cas de meningite a pneumobacille du 
Fnedlander a evolution suraigue. Bull ct mem Soc med d hop de Pans 48 114 (Feb 1) 
1924 

21 Brunner, C Zur pathogenen Wirkung der Bacillus Fnedlander Ein Fall von acut 
metastasirender Allgemeimnfektion nach Otitis media und Empyem des Proc mastoides, 
Munchen med Wchnschr 43 286 (klarch 31) 1896 

22 Papandrea, F Su due casi di meningite da diplobacillo di Fnedlander, Pediatria 35 371, 
1927 

23 (a) Bonhoff, H , and Escli, P Uebci einen Fall von kleningitis purulente beim 

Neugeborenen infolge rechtseitiger eitngcr Mitteloluentzundung, Ztsclir f Geburtsh u G 3 mak 
70 886, 1912 (b) Slobozianu, H , and lonescu, V T La meningite apneumobacilles de 

Fnedlander chez les nouveaux-nes, Nournsson 28 153 (July) 1940 

24 (a) Elias, F Meningitis beim Saugling durch den Bacillus pneumoniae Fnedlander 

[case 1], Deutsche med Wchnschr 50 578 (May 2) 1924 (b) Lion, G, and klinvielle 

Un cas de meningite suppuree a bacille du Ape Fnedlander, Bull et mem Soc med d hop 
de Pans 48 286 (March 7) 1924 (c) Leenhardt, E , Boucomont, J , and Balmes, J Deux 

cas de meningite a pneumobacille de Fnedlander, Arch Soc d sc med et biol , Montpellier 
18 167 (April) 1937 

25 Comte, Levj-Bruhl, M, and Danv Un cas de meningite a pneumobacille de Fried- 
lander avec septicemie, Bull et mem Soc med d hop de Pans 47 139 (Feb 2) 1931 
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was positive We have found lecords of blood cultures of 10 patients with Fried- 
lander’s bacillus meningitis Five of these, including the one here reported on, 
had positive cultuies, and all these patients died-® Of the 5 with negative blood 
cultuies 2 survived,-’ while a third, a 17 day old infant reported on by Elias 
(case 2), appealed on the way to lecovery, only to die in a nursery outbreak of 
“influenzal pneumonia ” The other 2 patients died of meningitis, the fiist despite 
sulfapyridme theiapy 

Piognosis and Cliemotheiapy — Fnedlander’s bacillus causes a particularly 
malignant type of meningitis, which until recently was almost always fatal In 
the available hteiature published piior to the intioduction of the sulfonamide 
di ugs, Rothschild’s case ® is the only incontestable nonfatal case of purulent men- 
ingitis we have encountered m which Friedlander’s bacillus was recovered fiom the 
spinal fluid and adequate details of its bactenologic identification given In this case 
meningitis was secondary to otitis media, mastoiditis and subduial abscess, with 
recovery after operation 

Since the advent of the sulfonamide compounds several patients with Fried- 
lander’s bacillus meningitis have been cured Lombai d and Mondzam-Lemaire 
discussed a patient who appaiently had a mixed meningeal infection after a head 
injur}”- and recovered aftei treatment with sulfamidochrysoidine,®® but the criteria 
for the bactenologic diagnosis were not described Robertson has recently 
reported a case m which a 49 year old man was cured with sulfapyridme Fried- 
lander’s bacillus was found not only in the spinal fluid but in cultures of material 
from the throat and maxillaiy sinuses, and recovery of this patient is all the more 
remarkable because he had diabetes Montes and Real described a Cuban child 
of 2 years without demonstrable primaiy focus who was likewise cured after 
administration of sulfapyridme Both of these patients received autogenous vaccine 
late in the course of treatment Kolmer and Rule ® gave sulfapyridme unsuccess- 
fully to an adult m whom the disease was secondary to Friedlander’s bacillus 
infection of the sphenoid, ethmoid and frontal sinuses, but, although initial improve- 
ment was noted, cultuies and smears of the spinal fluid continued positive After 
five days a relapse occurred, and the patient died on the eighth day of treatment 
Julianelle mentioned a case m which Friedlander’s bacillus meningitis was cured 
with sulfadiazine, and Trevett, Nelson and Long ^ briefly cited a case m which 
the disease was successfully treated by Hodes with the same drug 

Experimental studies on Friedlandei’s bacillus infections in animals have 
shown that sulfanilamide is practically ineffective against the organism, while 
sulfapyridme exerts a moderate activity Laboratory investigation suggests that 

26 (a) Brain, W R , and Valentine, F S O A Case of Infection of the Meninges and 

Blood Stream by Bacillus Mucosus Capsulatus, Lancet 1 855 (April 28) 1928 (&) Fothergill 

and Sweet Sicard and Pluvinage Comte, Levy-Bruhl and Dany 

27 Robertson Rothschild ® 

28 Kolmer and Rule ^ Leenhardt, Boucomont and Balmes 24c 

29 Lombard, P , and Mondzain-Lemaire, S Meningite aigue, septique, post-traumatiquc 
Traitement par sulfamido-chrysoidme Guenson, Mem Acad de chir 64 926 (June 15) 1938 

30 A compound supposedly identical with the original prontosil (a hydrochloride of 4-sulf- 
amido-2',4'-diaminoazobenzene) 

31 (a) Gross, P , Cooper, F B , and Lewis, M Sulfanilamide Therapy of Friedlander’s 

Infections of Mice, Proc Soc Exper Biol & Med 39 12 (Oct ) 1938 (b) Bliss, E A , Fein- 
stone, W H , Garrett, A W, and Long, P H Sulfapyridme and Sulfanilamide in Experi- 
mental Pneumococcal, Meningococcal, Welch Bacillary, and Friedlander’s Bacillary Infections 
in Mice, ibid 40 619 (April) 1939 (c) Kolmer and Rule ® 
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sulladiazine sui passes its pi edecessoi s in the therapy of Fiiedlander’s bacillus 
infections The choice of the appropiiate diug is thus of the greatest importance 

If no organisms are found m smeais of purulent spinal fluid from cases of 
undiagnosed meningitis, it would seem wise to use a drug with a wide range of 
action, such as sulfadiazine, since it may be effective against Fnedlander’s bacillus 
as well as against the meningococcus and other more common causes of 
meningitis 

SUMMARY 

A case of Fnedlander’s bacillus septicemia and meningitis in an old man with 
carcinoma of the prostate has been repoited, and autopsy observations are 
described The infection was so overwhelming that recoverjf could hardly have 
been expected, but the diagnosis was difficult and delayed and the treatment, 
accoidingly misdiiected, was not the best The case is of interest because of the 
larity of Friedlander’s bacillus as a cause of meningitis, and particularly m view 
of the small number of repoits m the Ameiican hteiature The disease occurs 
chiefly in infants and in adults, often after the fourth decade of life Frequently 
it IS associated with other debilitating conditions In occasional cases confusion 
with menmgococcic meningitis may occui because of the piesence of petechiae 
and the lack of oiganisms m smeais of the spinal fluid A few'’ patients with 
meningitis due to Friedlander’s bacillus have lecoveied after administration of 
sulfapjiidme oi sulfadiazine, wdnle foimerly the condition w'as almost always fatal 
When the diagnosis is made oi suspected vigoious treatment wnth one of these 
drugs IS indicated Expeiimental w'oik wnth animals suggests that sulfadiazine 
may prove more effective than its predecessois against Friedlander’s bacillus 
intections 

Vanderbilt University School of Medicine 

32 Feinstone, W H , Williams, R D , Wolff, M S , Huntington, E, and Crossley, 
M L The Toxicity, Absorption, and Chemotherapeutic Actnity of 2-Sulfanilamidopyrimidine 
(Sulfadiazine), Bull Jdhns Hopkins Hosp 67 427 (Dec) 1940 

33 (a) Dingle, J H , Thomas, L, and Morton, -k R Treatment of Menmgococcic 
Meningitis and Menmgococcemia w'lth Sulfadiazine, J A M A 116 2666 (June 14) 1941 
Hodes, H L, and Strong, P S Treatment of Menmgococcic Meningitis with Sulfonamides, 
ibid 119 691 (June 27) 1942 Rundlett, E , Gnassi, A M , and Price, P A'leningococcic 
Meningitis Prognostic Significance of the Spinal Fluid Sugar, ibid 119 695 (lune 27) 1942 
(/>) Tievett, Nelson and Long-*’ 
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Sulfadiazine (2- [paraaminobenzenesulfonamido] -pyrimidine), the pyrimidine 
analog of sulfapy i idine, has been shown by Feinstone and his associates ^ in their 
expel iments with mice to be less toxic than either sulfapyndme or sulfathiazole 
They found the drug to be leadily absoibed into the blood and rapidly excreted in the 
urine Higliei concentrations were obtained with sulfadiazine than with equivalent 
doses of sulfapjuidme or sulfathiazole Long and his co-workers “ leported that 
sulfadiazine was less effective at equivalent concenti ations than sulfathiazole in the 
tieatment of expeiimental pneumococcic infections in mice Osgood and Bullowa,^ 
using tissue cultures, found sulfadiazine to be only one-quarter as effective against 
pneumococci as sulfapyndme and sulfathiazole m equivalent concenti ations 

Studies on the action of sulfadiazine m human beings have been reported by 
various investigators^ With an associate we® have pieviously reported on the 
phaimacodynamics of the drug m man It is well absoibed from the gastrointestinal 
tract As a rule, most of the drug exists m the blood in the free form It diffuses 
readily into the spinal, the pleural and the peritoneal fluid Although the major 
portion of the drug is rapidly excreted in the urine, traces may be detected for as 
long as six days after ceasing administration Appi oximately 65 per cent of the 


^ Littauer Fellow in Pneumonia Research, Harlem Hospital 

From the Medical Service, Harlem Hospital, Department of Hospitals, New York city, 
and the Littauer Pneumonia Research Fund of New York University College of Medicine 
These studies received additional support from the Metropolitan Life Insurance Company and 
from Mr Bernard M Baruch, Mr Bernard M Baruch Jr, Miss Belle N Baruch and Mrs 
H Robert Samstag 

1 Feinstone, W H , Williams, R D , Wolfe, R T , Huntington, E , and Crossley, M L 
The Toxicity, Absorption and Chemotherapeutic Activity of 2-Sulfanilamido-Pynmidine 
(Sulfadiazine), Bull Johns Hopkins Hosp 67 427, 1940 

2 Long, P H , Bliss, E A, and Ott, E Studies on Sulfadiazine, Bull Johns Hopkins 
Hosp 69 297, 1941 

3 Osgood, E E , and Bullowa, J G M Unpublished data 

4 (o) Plummer, N, and Ensworth, H K Absorption and Excretion of Sulfadiazine, 

Proc Soc Exper Biol & Med 45 734, 1940 {b) Reinhold, J G , Flippin, H F , Schwartz] 

L, and Domm, A H Absorption, Distribution and Excretion of 2-Sulfanilamido Pyrimidine 
(Sulfapyrimidine, Sulfadiazine) in Man, Am J M Sc 201 106, 1941 (c) Peterson, O L , 

Strauss, E , Taylor, F H L , and Finland, M Absorption, Excretion and Distribution of 
Sulfadiazine (2-Sulfanilamido-Pyrimidine), ibid 201 357, 1941 (d) Sadusk, J F, Jr, and 

Tredway, J B Observations on Absorption, Excretion, Diffusion and Acetylation of Sulfa- 
diazine in Man, Yale J Biol Sr Med 13 539, 1941 (<?) Wheeler, C, and Plummer, N 

Sulfadiazine and Sodium Sulfadiazine A Comparison of Certain of Their Clinical and Pharma- 
cological Values, Ann Int Aled 16 269, 1942 


5 Ratish, H D , Shackman, N H , and Bullowa, J G M 
Sulfadiazine in Man, New England J Med 226 596, 1942 
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dose given may be recovered from the urine, and about one third of this is con- 
jugated High concentrations in the blood may be obtained rapidly by intravenous, 
subcutaneous and intramuscular administration of the sodium salt Sulfadiazine is 
less toxic than either sulfapyndme or sulfathiazole 

METHOD AND MATERIAL 

We report herewith our experience with 232 patients with pneumococcic pneumonia treated 
with sulfadiazine and 70 patients with this condition treated with rabbit antipneumococcus 
serum in addition These patients, admitted to the Pneumonia Service of Harlem Hospital 
from July 1, 1940 to June 30, 1941, were adults for whom the diagnosis of pneumonia was 
based on history and physical findings and confirmed by roentgen examination Prior to the 
institution of therapy bactenologic studies of the sputum and the blood were made m all cases, 
and ordinarily treatment was withheld until the type of pneumococcus was determined 
However, when attempts at typing the pneumococcus had been unsuccessful for twenty-four 
hours, therapy was no longer withheld, and sulfadiazine was given 

Dose — Most of the patients in this scries received an initial dose of 4 or 5 Gm of sulfa- 
diazine followed by a dose of 1 Gm every four or six hours Some patients, those very ill, 
received an initial intravenous injection of S Gm of sodium sulfadiazine followed by doses 
of 1 Gm given orally or intravenously at foui or six hour intervals The administration of 
the drug was discontinued when the temperature fell and remained below 100 F with a pulse 
rate below 90 per minute for eighteen to twenty-four hours Sulfadiazine was not given again 
unless there was a substantial persistent rise m temperature Forty-four patients, or 63 per 
cent, received serum and sulfadiazine simultaneously, 9 patients received them one day apait, 
and 17 of the patients received the therapeutic agents two or more days apart Of the 17 
patients, 10 received serum first, whereas 7 were given the drug before the serum Of the 
patients who received serum first, 8 were given sulfadiazine in addition either because the 
serum failed to influence the course of the disease or because the temperature, having fallen 
to normal, rose Six patients who leceived the drug first were given serum because of 
marked bacterial invasion of the blood 

Samples of blood for determining drug le\cls and making immunologic studies were drawn 
every two days or more frequentlv if indicated Concentrations of sulfadiazine were determined 
by the method of Bratton and Marshall, using a photoelectric colorimeter ® 

RESULTS 

PaHenfs Who Died — Table 1 shows the gross moitahty without taking into 
consideration the essential factois influencing it, such as age and day of illness on 
which therapy was begun Of the 232 patients treated with sulfadiazine alone 31 died 
— a mortality of 13 4 per cent Kxcluding those patients moribund on admission 
who died within twenty-four hours, the mortality is 8 3 per cent Nine of 29 
patients, or 31 per cent, with bacteremia died Of these, 6 died within twenty- 
four hours, and when they are excluded, the mortality becomes 13 per cent The 
total mortaht)'- for the patients undei going combination theiapy was 14 3 per cent 
Only 1 patient, with bacteremia, died ■within twenty-four hours of admission to 
the hospital The mortality for patients wnth bacteremia in this gioup was 22 2 
per cent Although this was lower than the total mortality for patients with 
bacteiemia in the gioup treated with sulfadiazine alone, the difference is not in 
itself significant The incidence of blood cultures positive for pneumococci among 
patients given both serum and sulfadiazine was twice as great as among patients 
given sulfadiazine alone This is a statistically significant difference (R D E 
= 2 5) ^ 

6 Bratton, A C , and Marshall, E K , Jr New Coupling Component for Sulfanilamide 
Determination, J Biol Chem 128 537, 1939 

7 The abbreviation R D E signifies the ratio of difference to error A figure of 2 0 or 
more indicates significance 
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The most fiequently encountered Pneumococcus in both gioups was type III, 
which caused 42 of 232 infections (18 per cent) m patients tieated with sulfa- 
diazine alone and 20 of 70 infections (28 6 per cent) m patients given combined 
therapy Pneumococcus type VII was next in fiequency, accounting for 116 and 
14 3 per cent of infections, respectively Next in Older of frequency were pneumo- 
cocci of type I, type IV and type VIII Of these most frequently encountered 
types m the sulf adiazine-ti eated group, Pneumococcus type IV showed the highest 
mortality, with 21 per cent (4 of 19), followed by Pneumococcus type I (17 4 
per cent). Pneumococcus type III (166 per cent) and Pneumococcus type VIII 
(6 3 per cent) In the group given both sulfadiazine and serum 1 of 5, or 20 per 
cent, of the patients whose infecting oiganism was Pneumococcus type I or type III 
died Of the patients with infection caused by Pneumoccus type VIII, 14 3 per 
cent (1 of 7) died The lowest mortality among the more frequently occurring 

Table 1 — Analysts of Infections by Types of Causative Pneumococci 


Treatment 

^ , 

Sulfadiazine Sulfadiazine + Serum 

K . , .A 



No of 

^ 

No of 

■ 

Percentage 

No of 

No of 

Percentage 

Type of Pneumococcus 

Patients 

Deaths 

of Deaths 

Patients 

Deaths 

of Deaths 

I 

23 

4 

17 4 

5 

1 

20 0 


9‘ 

2* 

22 2* 

3* 

0* 

0 0* 

II 

7 

0 

00 

4 

1 

25 0 


1* 

0» 

0 0* 

3* 

1* 

33 3* 

III 

42 

7 

10 6 

20 

4 

20 0 


2» 

2* 

IDOO* 

2* 

2* 

ICOO* 

IV 

19 

4 

210 

4 

0 

00 


C* 

2* 

33 3* 

1* 

C* 

0 0* 

V 

3 

0 

00 

2 

0 

00 


o» 

0* 

0 0* 

1* 

0* 

0 0* 

VI 

3 

1 

33 3 





0* 

0* 

0 0* 




VII 

27 

2 

74 

10 

0 

00 


3» 

1* 

33 3* 

2* 

0* 

0 0* 

VIII 

10 

1 

03 

7 

1 

14 3 


1» 

1* 

100 0* 

1* 

0* 

0 0* 

other types 

90 

12 

13 3 

18 

8 

ICC 


7* 

1* 

14 3* 

5* 

1* 

20 0* 

Total 

232 

31 

13 4 

70 

10 

14 3 


29* 

9* 

31 0* 

18* 

4* 

22 2* 

Total minus deaths m 24 hours 

217 

18 

83 

09 

9 

13 0 


23* 

3* 

13 0’ 

17* 

3* 

17 0* 


* Bacteremia 


types in this study was in infections caused by Pneumococcus type VII in the 
group given both sulfadiazine and scium and by Pneumococcus type VIII in the 
group given only sulfadiazine Among the patients with type II pneumococcus 
pneumonia, which is usually a severe infection, theie were no deaths m the sulfa- 
diazme-treated group of 7 patients and only in the group of 4 patients undergoing 
combined therapy, although 3 of these 4 patients were bacteremic 

Among the numerous factors that influence the prognosis for patients with 
pneumonia is the presence of specific soluble substance^ in the blood Eight 
patients in the sulfadiazme-treated group and 7 patients in the group given both 
sulfadiazine and serum had capsular carbohydrate in their blood (table 2) Pneu- 
mococcus type III was the most frequently occurring type in both groups Approxi- 
mately one half of the patients in both groups died In the drug-treated group 

8 This substance may also be referred to as capsular carbohydrate or capsular oolv- 
sacchande ^ ^ 
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3 of the 4 patients who died had infections caused by Pneumococcus type III 
One patient (1), a 38 year old Negio, was admitted on the sixth day of illness 
with signs of meningeal nutation m addition to pneumonia (spinal fluid was 
normal) The next day he became ii rational and went into shock He leceived 
a total of 17 Gm of sulfadiazine The concenti ation of the drug in the blood 


Table 2 — Peitxnent Data on Patients zvith Capsular Caibohydrate in Their Blood 
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Type 

of 

Case Causa 
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9C 

71 
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* KegativD (or positive) for pneumococci 
t Specific soluble substance 


on two occasions was 5 2 and 8 5 mg pei hundred cubic centimeters He died 
on the fourth day of hospitalization A second patient (2), a 69 year old man, 
foi whom the date of onset of illness was unknown, received 39 Gm of sulfadiazine , 
the concentration of the drug in the blood reached 14 8 mg per hundred cubic 
centimeters His blood was sterile on cultuie but gave a strong reaction for 
capsular carbohydrate He became stuporous, and his cardiac rhythm became 
irregular and rapid Although he seemed to lespond well to digitalis, he died 
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eight days after admission to the hospital His infection had not been conti oiled 
(the tempeiatuie remained elevated) in spite of adequate concenti ations of sulfa- 
diazine The thud patient with an infection caused by Pneumococcus type III 
(patient 3) was a 50 year old woman who in addition to pneumonia had had a 
colostomy done foi lymphogi anuloma venereum and was admitted in an emaciated 
state Hei blood contained pneumococci of type III as well as capsular caibo- 
hydiate She leceived only 7 5 Gm of sulfadiazine The fouith patient (4) in 
the diug-treated group was a 50 yeai old man with bacteremia due to Pneumococcus 
type VIII and a steiile pleuial effusion Blood cultuies were positive foi the 
infecting oiganism on seveial occasions He received only 4 Gm of sulfadiazine 
and died thiity-two hours aftei admission The 4 patients in this group who 
recovered had infections due to Pneumococcus type I, type II, type VIII and 
type XVI respectively They were less seveiely ill than those who died All liut 
1 weie under 40 years of age, 3 of the 4 weie admitted prior to the fifth day of 
then illness All but the patient with the infection due to Pneumococcus type I 
had blood cultures negative foi pneumococci 

Of the 7 patients in the group given both sulfadiazine and seium who had 
capsulai carbohydrate m their blood, 4 died, 3 of these 4 patients (9, 10 and 11) 
had infections caused by Pneumococcus type III All 3 were over 40 yeais of 
age, and theiapy was begun late in the couise of then illness Two of them had 
bacterial invasion of the blood One died thiee houis and another seven houis 
aftei therapy was started and had leceived only 4 and 6 Gm of sulfadiazine, 
respectively, in addition to serum The thud patient received 39 Gm of the drug 
and 431,000 units of rabbit serum Two died too soon to peiniit blood levels of 
sulfadiazine to be determined , the third had a blood level of 6 1 mg of free drug 
per hundred cubic centimeteis Ihe fourth patient who died (patient 12) was 
a 42 year old woman with an infection due to Pneumoccus type VIII, for which 
tlierapy was begun on the ninth day of illness The blood of 1 of the 4 patients 
who died was studied for precipitms, and none was found The 3 patients in this 
group wdio recovered had infections due to Pneumococcus type V, type VII and 
type XIX, lespectively All had blood cultuies positive for the infecting oigamsm 
Two of the 3 had precipitms in their blood after serum therapy 

All patients with infections due to Pneumococcus type III whose blood gave a 
reaction for specific soluble substance died regardless of the foim of theiapy Three 
of these 6 patients had bacteremia as well Six of a total of 15, or 40 per cent, 
of those patients who had demonstiable specific soluble substance in their blood 
had infections due to the type III pneumococcus This pneumococcus accounted 
for 6 of the 8 deaths That Pneumococcus type III produces capsular carbohydrate 
more abundantly than pneumococci of other types and that the presence of this 
substance in the blood of patients is ol grave piognostic import has been previously 
shown in repoits from this laboratory (Bukantz and associates '^ ) The death 
rate among patients with detectable specific soluble substance in their blood is 
approximately four times greater than among those patients who do not have it 

An analysis of death rates in relation to age and to day of illness on which 
therapy was instituted is shown in table 3 In both theiapy groups the largest 
mortality occurred in patients over 40 years of age first treated after the fifth day of 
illness, the moitality was about twice that for any of the thiee other categoiies in 
table 3 This last category contained the largest number of patients m both therapy 
groups — 40 per cent in the drug-treated group (93 of 232) and 34 per cent in the 
group given both sulfadiazine and serum (24 of 70) 

9 Bukantz, S C , de Gara, P F , and Bullowa, J G M Capsular Polysaccharide in the 
Blood of Patients with Pneumococcic Pneumonia, Arch Int kled 69 191 (Feb ) 1942 
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Detailed case analyses for the patients who died are shown in tables 4 and 5 
It will be seen that a numbei of the patients in both theiapy groups died not of 
their pulmonary infection but of other unrelated conditions in which the pneumonia 
was a terminating event In the sulfadiazine-treated group (table 4), 1 patient 
(26) had a coronary occlusion preceding pneumonia, and lobai pneumonia devel- 
oped in another (patient 37) one day after a gastiic lesection for carcinoma One 
patient (22) was admitted after an acute cerebral hemoirhage with a right hemi- 
plegia, and pneumoma developed six days latei , he died within twenty-four hours 
after institution of therapy Still another patient (32) had a carcinoma of the 
esophagus In patient 34 the complicating factor was severe scleioderma Nine 
patients had caidiac disease of various degiee, causation and duration Of these, 
2 patients V’^eie in mild congestive failure on admission to the hospital, of the 
remainder, 5 had diminution of cardiac reseive, such as dyspnea on effort, nhich 
contributed to the fatal outcome 

Patients Who Recoveted — In addition to the effect of a given therapeutic agent 
on the mortality of a disease, one must consider also its effect on the clinical course 
of the disease m the patients who recovered In the sulfadiazine-treated group 


Table 3 — Relation of Age, Day of Illness on JFlttcIi Therapy JVas Started and Outeomc 
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Patients 

Deaths 

of Deaths 

Patients 

Deaths 

of Deaths 

Patients under 40, first treated 

on 

let 

33 

1 

SO 

9 

0 

00 

to 4th daj of illness 



5 * 

O’ 

0 0' 

3' 

O' 

00' 

Patients under 40, first treated 

on 

6th 

CO 

6 

7C 

19 

1 

63 

day of Illness and later 



7* 

2* 

28 O’ 

S' 

O' 

0 0' 

Patients over 10, first treated 

on 

1st 

10 

5 

12 5 

18 

2 

111 

to 4th day of Illness 



5* 

1* 

20 0’ 

6' 

0’ 

0 0' 

Patients over 40, first treated 

on 

5th 

03 

20 

21 5 

24 

7 

29 3 

day of Illness and later 



12* 

C’ 

60 0' 

7’ 

4* 

57 2* 


* Bacteremia 


54 of 201 patients who lecovered, or 26 9 per cent, had their disease terminated 
within twent)r-foui hours after the institution of therapy, with a fall in tempera- 
tuie below 100 F and in pulse rate below 90 per minute as a criterion for the 
teimination of the infection Of the patients who recovered 118 of 201, or 
58 7 per cent, became afebi ile within fort)'-eight houi s after receiving the first 
dose of sulfadiazine The temperature and the pulse rate fell to normal in rela- 
tion to the administration of the drug and not to the day of illness on which therapy 
was started Of the patients who received both seium and sulfadiazine, 26 of the 
60 who recoveied, or 43 per cent, became afebi ile within forty-eight hours after 
therapy was started 

In the drug-treated group the median dose of sulfadiazine for the patients who 
recovered was 20 7 Gni Of these patients, 63 per cent leceived between 10 and 
24 Gm of sulfadiazine, whereas 34 per cent of those who died weie in this dose 
range There were 28 patients who recen^ed less than 10 Gm of sulfadiazine , 
12 of these recovered, and 16 died — this repiesents 6 pei cent of the recoveries 
and 52 pei cent of the deaths The patients who received this dose gioup and who 
died were much moie severely ill on admission than were the 12 who recovered 
— 50 per cent of the formei had bacteremia but none of the lattei Most of those 
who received less than 10 Gm of the drug and died did so within twenty-four 
hours after therapy was begun 



Table 4 — Case Analyses of Deaths Occurung Among Patients Treated with Sidfadiamne 


Type of 
Ao of Pneumo 
Patient coccus 

Age, 

&o\ 

Day of Interval 
Illness on Between 
Which Beginning 
Therapy of Therapy 
Started and Death 

Blood 
Culture * 

S S St 
in 

Blood 

Total 
Dose of 
Sulfa 
diazine, 
Gm 

Complications and 

Associated Conditions 

10 

I 

07 

2 

0 

13 hr 

Posi 

tnc 

Nega 

tne 

8 


17 

1 

43 

cf 

3 

3 hr 

Posi 

tive 

Not 

done 

4 

Cardiac decompensation pulmo 
nary edema 

IS 

I 

39 

d 

4 

12 days 

Nega 

tive 

Nega 

tive 

35 5 


10 

1 

78 

2 

7 

19 days 

Nega 

tive 

Nega 

tive 

21 

Empyema, second degree burns 

2 

III 

00 

cT 

? 

7 dajs 

Nega 

tne 

Posi 

tive 

39 

Cardiac disease 

20 

III 

65 

2 

3 

17 days 

Nega 

ti\e 

Nega 

tive 

28 

Pleural effusion, traumatic pneumo 
thorax, hypertensive heart disease, 
adenoma of thyroid 

21 

III 

65 

5 

? Date 

28 hr 

Posi 

tive 

Not 

done 

8 

Autopsy cholecystitis, atheroma of 
aorta, myocardial fibrosis, fatty 
metamorphosis of liver, chronic 
pyelonephritis 

1 

III 

38 

d 

0 

00 hr 

Nega 

tive 

Posi 

tne 

17 

Epilepsy 

22 

III 

75 

d 

? Late 

If hr 

Nega 

tive 

Nega 

tnc 

7 

Hypertensive and arteriosclerotic 
heart disease, cerebral hemorrhage 

23 

III 

32 

2 

? Late 

14 hr 

Nega 

tue 

Not 

done 

6 

Coma on admission, asthmatic 
bronchitis 

3 

III 

50 

2 

11 

36 hr 

Post 

tne 

Posi 

tive 

75 

Autopsy esophageal varices, chronic 
duodenal ulcers, colostomy for 
lymphogranuloma venereum 

24 

IV 

02 

d 

? 

7 hr 

Posi 

tive 

Nega 

tive 

0 

Autopsy fibrinous pleurisy cirrhosis 
of Iner, cloudy swelling of Lidney 
coronary and aortic atherosclerosis 

25 

IV 

52 

2 

15 

10 hr 

Posi 

ti\e 

Nega 

tive 

0 

Treatment begun late in course of 
illness 

26 

IV 

65 

2 

? 

10 hr 

Not 

done 

Not 

done 

7 

Coronary occlusion 

27 

IV 

53 

9 

9 

30 lir 

Nega 

tive 

Nega 

tive 

14 

Effusion 

28 

VI 

65 

2 

1 

8 days 

Nega- 

tive 

Nega 

tive 

18 

Emphysema, chronic bronchitis, 
coronary disease decubitus ulcers 

29 

VII 

32 

2 

0 

20 hr 

Positive 

0 tunes 

Nega 

tive 

10 

Overwhelming bacteremia 

30 

vn 

33 

2 

i 

12 hr 

Nega 

tive 

Nega 

tive 

9 


4 

VIII 

50 

d 

5 

3 hr 

Posi 

tive 

Posi 

tive 

4 

Sterile effusion avitaminosis 

31 

IX 

54 

d 

10 

40 hr 

Nega- 

tive 

Nega 

tive 

13 

Putrid empyema secondary to rup 
tured pulmonary abscess 

32 

IX 

64 

d 

? 

35 hr 

Nega 

tive 

Nega 

tive 

14 

Carcinoma of esophagus 

33 

X 

04 

2 

9 

8 days 

Nega 

tive 

Not 

done 

14 


34 

XI 

49 

2 

4 

49 hr 

Nega 

tive 

Nega 

tive 

16 

Scleroderma Addison’s disease "> 

35 

XII 

50 

2 

9 

4% days 


Nega 

tive 

18 

Cardiac disease 

30 

XXI 

43 

d 

? 

13% days 

Nega 

tive 

Nega 

tive 

28 

Hypertensive cardiovascular disease 

37 

XXV 

45 

d 

? 

90 hr 



7 

Complication after operation for 
carcinoma of stomach 

38 

XXXIII 

48 

2 

14 

5 hr 

Nega- 

tive 

Not 

done 

4 

Hepatomegaly, cause unknown 

39 

XXXIV 

03 

d 

14 

15 hr 

Nega 

tive 

Not 

done 

7 

Delirium tremens, autopsy syphi 
Iitic aortitis, fatty degeneration of 
liver, coronary atherosclerosis 

40 

XVIII A 

38 

C? 

5 

3 hr 

Posi 

tive 

Not 

done 

0 

Rheumatic heart disease 

41 

III 

B F A 

45 

d 

3 ? 

16 hr 

Nega 

tive 

B F At 

8 

Autopsy fibrinous pleurisy, fatty 
metamorphosis of kidney, benign 
nephrosclerosis 

42 

VIII 

XXXIV 

09 

2 

4 

25 hr 

Nega 

tive 

Nega 

tne 

10 

Autopsy purulent empyema, 
fibrinous pericarditis 


* Positive (or negative) for pneumococci 
t Specific soluble substance 
t Bacillus Prledlander A 
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Many variables are involved which do not easily lend themselves to evaluation, 
so that one cannot arbitraril)'^ state what constitutes the optimum dose The 
viiulence of the organisms and then susceptibility to the drug, inhibiting oi enhan- 
cing substances in the blood, the numbei of bacteria m the local lesion, bacterial 
invasion of the blood and complications aie but a few of the factois involved 
We may, howevei, suggest that 10 Gm of sulfadiazine is, in tlie majoiity of cases, 
insufficient to contiol pneumococcic pneumonia and that doses of 10 to 24 Gm are 
adequate for two thii ds of patients with such pneumonia 

In attempting to deteimme an adequate therapeutic concentiation of the drug 
in the blood similar difficulties are encounteied There is great variability in 
the blood levels obtained with the same dose of drug m different patients and 


Table S — Case Analyses of Deaths Occurring Among Patients Treated zvitli Sulfadiazine 

and Serum 


Day of Illness 'lotal 

, — ^ — * (Interval Dose Total 

Sulfa Botveen of Dose 


Tjpe of 
No of Pneumo 
Patient coccus 
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Se\ 

diii/'ine 

Thera pj Serum 
Started Gncn 

Hierapj Blood S S Sf 
and Cul In 

Death tiire * Blood 

Sulfa 

diaslnc 

Gm 

of 

Scrum, 

Units 

Pre 

cipltln 

'lest 

Complications and 
Associated Conditions 

43 

I 

74 

d 

23 

23 

29 hr 


Nega 

the 

0 

214,500 

Not 

done 

Admitted in state of 
pulmonarj edema 

44 

II 

41 

d 

13 

23 

7 

17 dnjs 

Posi 

the 

Nega 

tl\e 

47 

10 

200,000 

Posi 

tl\e 

Treatment begun late 
In course of illness 

45 

III 

40 

d 

3 

3 

9 dajs 

Nega 

the 

Nega 

the 

47 

850,000 

Posi 

tire 


10 

III 

00 

9 

’9 

’9 

7 hr 

Posi 

the 

Posi 

the 

C 

245,000 

Not 

done 

Inadequate late 
treatment 

11 

III 

oO 

d 

’9 

7 10 

7 dajs 


Posi 

tlie 

30 

431,000 

Nega 

tlio 

Azotemia 

9 

III 

50 

9 

? 

? 

3 hr 

Posi 

the 

P>si 

tl\e 

4 

3COOOO 

Nega 

tiic 

\rtcriosclcrosis 
hspcrtensiio heart 
disease, hepatitis 
hmphogranuloma 
lenereum with rectal 
stricture 

12 

VIII 

42 

9 

9 

11 

4 da>s 

Nega 

the 

Posi 

tne 

21 

334,750 

Not 

done 

'I'rcatraent begun late 
in course of illness 

40 

XSXIII 

40 

cT 

5 

G 

31 hr 

Posi 

the 

Nega 

tue 

10 

205,000 

Not 

done 

Circulatorj failure 

47 

XXSIII 

SO 

9 

S 

8 

01 hr 

Nega 

ti\e 

Nega 

tiic 

10 

150,000 

Posi 

tl\C 

'Treatment begun late 
In course of illness 

48 

XXIII 

B P A { 

40 

d 

3 

3 

32 hr 

Nega 

ti\e 

Nega 

the 

12 

120 cc 

B F A 
scruin 

Not 

done 

Autopsy hepato 
megalj fibrinous 
pleurlsj athcrosclc 
rosis of aorta 


clironle inj oearditis 


* Positi\e (or negatne) for pneumococei 
t Specific soluble substance 

* Bacillus Fnedlandcr A 


111 the same patient at different times — age and degree of absoiption, conjugation 
and renal elimination aie some of the factois influencing blood levels In addition, 
pneumococci, even of the same type, vaiy m susceptibility to a given sulfonamide 
compound (as shown by in vitro expeiiments) In the sulfadiazme-treated gioup 
the largest numbei of patients who lecovered had a blood level between 7 and 
8 mg of free drug per hundred cubic centimeteis as then highest concentration 
Of the patients who lecoveied (125 of 201), 62 pei cent had blood levels langmg 
from 5 to 10 mg of free drug per hundred cubic centimeteis, whereas 34 per cent 
of the patients who died had the same concentiation range The median of the 
highest concentration of all the patients who recovei ed was 8 7 mg per hundi ed 
cubic centimeters The median initial concentiation among the patients who 
lecovered was 7 4 mg per hundi ed cubic centimeters In 24 per cent of the 
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total numbei of patients in the sulfadiazine-ti eated group (55 of 232) the initial 
concentration was the highest 

In the gioup given both sulfadiazine and seiuni theie were 6 patients vhose 
blood was not studied, so that obseivations aie based on the remaining 4 Ihe 
median highest concentiation in the 58 patients who recovered was 8 4 mg per 
hundred cubic centimeters Of these patients, 62 per cent had blood levels of 
free diug langmg from 6 to 10 mg per hundred cubic centimeters, 3 of the 7 
patients who died had the same concentration lange 

Rises in Tempeiatnie — In 167 of 201, or 83 per cent, of the patients who 
lecoveied aftei treatment with sulfadiazine alone the temperature and the pulse 
remained down after admimstiation of the diug had been discontinued Thirty- 
four patients had a rise in temperatuie after it had remained below 100 F for 
about twenty-four hours The temperatures of 5 of the 32 patients whose tempera- 
tuie charts were analyzed rose while they weie still leceiving the drug, the tem- 
pei attires of the remaining patients rose after administration of sulfadiazine had 
been stopped The shortest interval between discontinuance of the drug and use 
m temperature was eight houis, the longest, fourteen days Most (24 of 32) 
of the secondai}'- rises m temperature occurred within seventy-two hours after 
sulfadiazine therapy had been discontinued Four patients had a rise in tempera- 
ture on one obseri^ation onl}'’, whereas the remainder had a sustained temperature 
foi a period varying f i oni eight hours to eleven days In more than half the patients 
the temperature fell within forty-eight hours after it had risen Seven patients 
had more than one bout of fever, with normal temperature between Most of 
the febrile episodes were relatively mild, only 7 patients had temperatures above 
102 F Sulfadiazine was readmmistered to only 4 patients The additional sulfa- 
diazine was not especially effective , only 1 patient showed a prompt fall m tempera- 
tuie It was found that 3 patients had steiile pleural effusions, 1 had sinusitis 
and another had puiulent conjunctivitis In the case of 2 others administration 
of the drug was discontinued while the temperature and the pulse were still elevated 
No explanation could be found for the rise in temperature of the remaining 25 
patients 

In the group given both sulfadiazine and seium 16 patients, oi 27 per cent, 
had a rise in temperature , in 2 of these the rise occui red during the administration 
of the drug but after the serum had been given The interval between discontinu- 
ance of therapy (drug) and rise in temperatuie varied from twelve hours to 
eleven days In 50 per cent of the patients the febiile episode occurred within 
foity-eight hours after cessation of theiapy Seven patients had more than one 
febrile period, with normal temperatuie intervening Temperatures above 102 F 
occurred m 10 patients The temperatuie remained elevated fiom eight hours 
to nineteen days, and in half the patients the elevation lasted for more than four 
days One patient was given additional drug for four days without effecting a 
diop in temperature Sterile fluid was obtained by thoi acentesis seveial days later 
The febrile reactions were due to sterile effusion m 2 instances and to serum 
sickness m 5 Spread of the infection to another lobe, as well as development of 
sterile fluid on the side of the original infection, was the cause of the rise in tem- 
perature m 1 patient (49, fig 1) In another patient concomitant tuberculosis 
was responsible for the febrile period In 2 patients infection of the urinary tract 
due to Escherichia coh was the probable cause The rise in temperatuie of the 
remaining 5 patients in the group could not be explained 

It IS of interest to note that 30 per cent of the febrile episodes m the sulfadiazine- 
treated group and 50 per cent of those in the group given both sulfadiazine and 



338 


ARCHIVES OF INTERNAL MEDICINE 


serum occurred in patients whose infecting organism was Pneumococcus type III 
This incidence is greater than would be expected fiom the lelative occurrence 
of type III pneumococcus infections m the whole series The reasons foi this are 
not obvious 

CompkcaHons — The incidence of complications (table 6) related to pneunio- 
coccic lobar pneumonia was found to be 4 7 per cent (m 11 patients of 232) m 
the sulfadiazme-treated group and 14 3 per cent (in 10 patients of 70) in the 
group given both sulfadiazine and serum There w^ere 5 patients with empyema 
m the drug-treated gioup, with 3 deaths, and 2 with this complication m the other 
group, without fatality In the formei group all patients who died and 1 who 
recovered had fluid in their pleural cavities on admission to the hospital In 
the lemammg patient m this gioup and in the 2 patients in the other group the 
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Fig 1 (patient 49) — The clinical chart showing the course of illness in a 70 year old 
Negress with lobar pneumonia due to a type III pneumococcus, the temperature and the pulse 
after having been depressed rose because of development of fluid on the side of the original 
pneumonia and consolidation on the opposite side C protein is the substance precipitated by 
the C polysaccharide, or somatic carbohydrate, of the pneumococci 


Table 6 — Complications 
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7 

0 


2* 

2* 

2* 

0* 
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eJffusion was discoveied during treatment All the patients in both groups who 
recovered had blood cultures positive for the infecting pneumococcus, whereas those 
who died did not have bacteiial invasion 

One of the sulfadiazine-ti eated patients who died (patient 19) was a 78 year 
old Negiess who was admitted on the fifth day of her illness with a type I pneumo- 
coccus lobar pneumonia and effusion Repeated thoracic taps yielded purulent 
fluid from which the pneumococcus grew In addition, she had second degree burns 
of the light side of the chest and abdomen and the right thigh Because of her 
age and debility she was treated by lepeated aspirations and instillation of sulfa- 
diazine into the pleural cavity, she also received the drug orally Specific soluble 
substance was detected in the thoracic fluid but not m her blood The blood, tested on 
one occasion, did not show precipitms After apparent impiovement the patient 
died m shock nineteen days after admission to the hospital 

The second patient (42) was a 69 year old emaciated Negress admitted on 
the third day of her infection, she died forty-eight hours later A diagnosis of 
pneumonia of the lower lobe of the right lung was made on admission, and Pneumo- 
cocci of type VIII and type XXXIV weie lecovered from the sputum A clinical 
impression of enlargement of the heart was confirmed by loentgen examination 
Fluid in the chest was not suspected ante mortem At autopsy 200 cc of purulent 
exudate in the right pleural cavity, fibrinous pericarditis and cardiac hypertiophy 
were encountered 

The third patient (27), a 53 year old Negress, was bi ought to the hospital 
after three weeks of illness at home Pleural effusion was found on admission, 
and thoracentesis yielded serosangumeous fluid fiom which Pneumococcus type IV 
was isolated The patient received a total of 14 Gm of sulfadiazine by mouth, 
the concentration of fiee drug m the blood was 5 6 mg per hundred cubic centi- 
meters on one occasion The patient was dehydrated She became semicomatose 
and died eighty-four hours after admission 

One of the patients (50) in the sulfadiazine-ti eated gioup who recovered was 
a 39 year old man admitted on the second day of his disease with a type VII 
pneumococcus pneumonia and a blood culture positive for the infecting organism 
The organism was recovered from his thoracic fluid on several occasions , capsular 
polysaccharide was detected once m the fluid In addition to 47 Gm of sulfa- 
diazine given orally, he received 15 Gm of the drug in divided doses by pleuial 
injection Precipitms were found m his blood on several occasions He made an 
uneventful recovery without surgical intervention and was discharged cured thirty- 
five days after admission to the hospital His blood pictuie will be discussed in 
another portion of this paper 

The other recovery 'in this group was made by a patient (51) with type I 
pneumococcus empyema who had had a iib resection performed fouiteen days after 
admission His blood culture was positive for Pneumococcus type I on one occa- 
sion Prior to thoracotomy he had received 19 Gm of sulfadiazine, but none after 
it His temperature dropped to normal on the third day after operation Recovery 
was uneventful 

The 2 patients with empyema who received serum and sulfadiazine had infec- 
tions due to type IV and type VII organisms, respectively Both had bacterial 
invasion of their blood Thev had ample circulating antibodies in the blood, but 
neither had had capsular polysaccharide in the blood or the thoracic fluid The 
patient with the type IV pneumococcus infection (patient 52) was admitted on 
the fourth day of his infection, and the presence of fluid in his chest was suspected 
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five days later Numerous attempts at thoracentesis weie unsuccessful Because 
of roentgen evidence thoracotomy was perfoimed one month after admission and a 
paravertebi al empyema on the right side was found Prioi to the operation the 
patient received 36 Gm of sulfadiazine and 620,000 U S P units of rabbit anti- 
pneumococcus serum PIis temperatuie fell to normal on the first day after opera- 
tion, and he was discharged thiity days later 

The othei patient (53), a 33 year old man, was admitted two days after the 
onset of his illness A thoiacic tap done thiee days later yielded cloudy brownish 
fluid m which type VII pneumococci Avere present lie Avas at first treated by 
closed mtei costal diamage and irrigations Avith 1 3,300 azochloi amide Avith a 
tertigol penetiant (sodium tetiadecyl sulfate) but a rib lesection AA^as finallv pei- 
foimed, and he lecoveied He had leceived 23 Gm of sulfadiazine m addition to 
210,000 units ol labbit seium 

Theie Aveie 6 patients Avith steiile pleural eftusions in the suhadiazme-tieated 
gioup, Avith 2 deaths and 7 in the othei gioup, Avithout fatality In the former 
gioup 3 patients had fluid m the pleuial spaces on admission to the hospital In 
the lattei gioup signs of fluid developed m all but 2 patients dining therapA 
One of the patients aaIio succumbed (patient 20) Avas a 65 yeai old Negiess admitted 
on the second day of hei illness Avith a diagnosis of pneumonia of the loAver lobe 
of the right lung and pleural eftusion Pneumococcus tApe III AAas found in her 
sputum Thoracentesis the next day yielded steiile seious fluid containing 9 000 
Avhite blood cells pel cubic millimeter piedommantly mononucleai cells TAVodais 
after the thud thoiacic tap (fifteenth day ot hospitalization) a tension pneumothorax 
developed aaIucIi necessitated decompiession b> nndenvatei drainage The patient 
seemed to be improving but died suddenly thiee days latei, maikedly dyspneic 
An electiocaidiogiam taken three daAs aftei admission to the hospital shoAved 
evidence of myocaidial damage She leceiA^ed a total of 28 Gm of sulfadiazine 
and on tAvo occasions its conccnti ation m the blood Avas 8 9 and 13 6 mg pei 
bundled cubic centimeters No postmoitem examination AAas done 

The othei fatality occuired in a 50 year old AAhite man (patient 4) admitted 
on the fifth day of his illness he died thiity-tAVo hours later Pie had fluid m his 
light pleuial cavity from the base almost to the apex Avith a model ate shift of the 
mediastinum to the opposite side Thiee blood cultures AAeie positne for Pneumo- 
coccus type VIII The day aftei admission 100 cc of sei osangumeous fluid AAas 
AAUthdrawn from the chest The oigamsm AA'as found m the thoracic fluid on culture, 
but it probably Avas present m the blood Avhich Avas mixed AVith the fluid The 
patient received onl)'^ 4 Gm of the diug, Avhen he died in a comatose state and in 
pulmonary edema Antibody studies AA^eie not done 

An uncommon complication Avas encounteied in a 16 year old boy (patient 15, 
fig 2), aa4io gave a thiee day histoiy of abdominal pain and vomiting Signs of 
consolidation Avere present ovei the uppei lobe of the light lung His sputum 
and blood contained pneumococcus type V He received three courses of theiapy 
with sulfadiazine, totaling 77 Gm , and 520 000 U S P units of rabbit anti- 
pneumococcus His response to therapy Avas poor A pericardial friction rub 
was heard sixteen days after admission Roentgenograms levealed progressive 
enlargement of the cardiac shadoAv Peiicardial taps yielded small amounts of 
hemorrhagic fluid, which was sterile on culture His blood contained both Pneumo- 
coccus type V and its capsular carbohydrate He made a slow but apparently 
complete recovery and was dischaiged after seventy-six days m the hospital His 
hematologic response will be presented elseAvhere m this paper 
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Associated Diseases — The incidence of associated or concurrent disease was 
18 5 per cent (in 43 patients of 232) in the sulfadiazine-treated group and 13 per 
cent (in 9 patients of 70) in the othei gioup In the former group there were 18 
patients with heait disease, 9 of whom died, they have been previously discussed 
Of the patients who recovered, only 2 were in congestive failuie (mild) and 2 
others gave histones of previous hospitalizations for decompensation In 1 of 
the patients, admitted in heart failure, lobar pneumonia developed twenty-five da)’’s 
after admission to the hospital, he recovered He was readmitted nine months 
later m congestive cardiac failure and died 

In the group given both sulfadiazine and serum there weie 3 patients with caidiac 
disease, 1 of whom died She gave a history of heai t disease of one year’s duration 
and did not have cardiac failure when admitted to the hospital Her death was 
attributable to her severe pulmonary infection due to Pneumococcus type III In 
addition to bacteremia, her blood contained capsular caibohydrate in abundance up 
to the time of her death One of the patients who recovered had signs of decompen- 
sation on admission He had iheumatic heart disease with auricular fibiillation, 
his response to digitalis and diuietics was good 

In the entile senes there were 10 patients with diabetes melhtus, all of vhom 
lecovered Three had mild acidosis Of the 10, 7 knew they had had diabetes 
for varying lengths of time, and m 3 patients the disease vas discovered during 
loutine urinal)'sis and chemical studies of the blood Only 3 had moderately severe 
diabetes , the remainder had a mild form of the disease For most of the patients 
the presence of the diabetes did not mateually increase the length of their stay 
111 the hospital 

Theie were 6 patients with pulmonaiy diseases othei than pneumonia, of whom 
2 had tuberculosis (fibrotic), 2 had asthma and 1 each had bronchitis and a pul- 
monary abscess, the last-named patient died One patient had an advanced car- 
cinoma of the esophagus, and another had carcinoma of the stomach, both died 
Two patients had benign nephrosclerosis, hydionephrosis on the right side was 
encountered m another Two patients were pregnant, 1 of whom vv'as at term 
and was delivered of a normal child Two patients had lymphogianuloma venereum 
with lectal strictures, both died Multiple duodenal ulcers were also encountered 
post mortem in 1 of these patients Of the 2 patients who had delirium tremens, 

1 died One patient each had fractured ribs, peptic ulcer, severe scleroderma and 
bacteremia associated with paiatyphoid fever 

Toxic Manijestations — In the entire series there weie 23 patients who experi- 
enced nausea or vomiting or both , this is an incidence of 7 6 per cent One patient 
complained of nausea only, and another vomited without experiencing nausea 
Of the remaining 21 patients, 7 shovv'^ed these reactions on only one occasion 
The complaints of all but 3 patients were lelatively mild In no instance in this 
series were these reactions severe enough to warrant discontinuing drug therapy 
In most patients the nausea and vomiting appeared after the first few doses of 
sulfadiazine and subsided, though therapy was continued Those who vomited 
prior to receiving the drug were not included In the entire series no gross or 
microscopic hematuria was encountered, though crystals were frequently found in 
the urine Nitrogen retention (creatinine 2 5 mg per hundred cubic centimeters 
and urea nitrogen 95 mg per hundred cubic centimeters) dev’^eloped in 1 patient 
during therapy Urea clearance several days later was 75 per cent of normal 
Without special therapy the renal function and the chemical aspects of the blood 
returned to normal in several days One patient expeiienced a severe chill and a 
sharp drop in temperature to normal, as well as maiked clinical improvement. 
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after receiving about 1 Gm of sodium sulfadiazine by continuous infusion This 
leaction was probably not due to the drug, since administration of 5 Gm of sodium 
sulfadiazine in 1 per cent concentration m solution of sodium chloride some time 
later to the same patient failed to produce it We have not observed any mental 
leactions (in this series) definitely attributable to the drug We obseived neither 
leukopenia nor anemia as a result of the drug therapy There were, however, 
3 patients who had a low total white cell count but were given sulfadiazine because 
It was felt that the leukopenia was due to the severity of the infection and that 
intensive immediate therapy was indicated One patient with type VII pneumo- 
coccus pneumonia had a total white cell count of 2,950, with 33 per cent segmented 
and 53 per cent nonsegmented neutrophils A smear of his bone marrow showed 
myelocytic activity He leceived a total of 47 Gm of sulfadiazine His white 
cell count rose to 11,000 during therapy A second patient had lobar pneumonia 
caused by a type H pneumococcus, bacteremia and pleural effusion His blood 
showed 6,000 white cells, with 40 per cent segmented and 12 per cent nonseg- 
mented neutrophils Because his bone marrow showed marked myelocytic hyper- 
plasia, he was given sulfadiazine In addition to 33 Gm of the drug, he received 
200,000 U S P units of rabbit antipneumococcus serum On the fifth day of 
theiapy his white cell count rose to 27,500, and before dischaige it was 11,425 
The third patient was a 16 year old boy (patient 15) with lobar pneumonia 
caused by a type V pneumococcus and pericarditis (fig 2) His initial white cell 
count was 1,900, with 8 per cent mature polymorphonuclears and 84 per cent non- 
segmented neutrophils He received three courses of sulfadiazine therapy totaling 
77 Gm , as well as 520,000 U S P units of rabbit antipneumococcus serum 
Three days after therapy was staited his white cells numbered 8,450, of which 
70 per cent were mature neutrophils Within a week his white cell count had 
risen to 20,900 Sternal puncture disclosed an active bone marrow It should 
be noted that all 3 patients, though having a low total white cell count, had a high 
percentage of granulocytes, with a marked shift to the left They also had active 
bone marrow These findings are evidence of severe infection and are indications 
for intensive chemotherapy All 3 patients recovered 

One patient of the entire 302 considered in this report had a lash that was 
probably due to sulfadiazine She was a 42 year old Negress with a type XXIV 
pneumococcus pneumonia who had received 37 Gm of the drug Seven days 
after therapy had been stopped an erythematous pruritic rash developed over her 
face and chest accompanied by a rise m temperatuie which ranged between 101 
and 103 2 F for thirty-six hours She had leceived no other medication that 
might have been responsible for this phenomenon Although the rash and fever 
occuiied a week after the last dose of 'the drug had been given, it was piobably 
a delayed toxic manifestation 

COMMENT 

In our group of patients with pneumonia foi whom pneumococci could be typed 
the mortality of those treated with sulfadiazine alone is about the same as that 
leported by other investigators^® for similar series of patients, although it is con- 

10 (a) Fhppin, H F , Rose, S B , Schwartz, L , and Domm, A H Sulfadiazine and 
Sulfathiazole in the Treatment of Pneumococcic Pneumonia A Progress Report on Two 
Hundred Cases, Am J M Sc 201 585, 1941 (&) Finland, M , Strauss, E , and Peterson, 

O L Sulfadiazine Therapeutic Evaluation and Toxic Effects on Four Hundred and Forty- 
Six Patients, J A M A 116 2641 (June 14) 1941 (c) Dowling, H F , Hartman, C R 

Sugar, S J , and Feldman, H A The Treatment of Pneumococcic Pneumonia with Sulfa- 
diazine, ibid 117 824 (Sept 6) 1941 (d) Flippin, H F , Rose, S B , Schwartz, L , and 

Domm, A H Treatment of Pneumococcic Pneumonia with Sulfadiazine and Sodium Sulfa- 
diazine, War Med 2 284 (March) 1942 
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siderably higher than that repoited by Bilhngs and Wood ^^(13 pei cent) The 
incidence of bacteremia in oui group was somewhat less than in the first four of 
the five senes lef erred to and gi eater than in the last The incidence of patients 
over 40 years of age was about the same as that reported by the other authois 
In our group 68 per cent of the patients were admitted to the hospital late in 
the course of illness, whereas only 39 per cent of the series leported by Flippin 
and associates,’^®" 44 per cent of the series leported by Dowling and his co-work- 
eis’®" and 33 per cent of the senes leported by Fhppm and his associates m a 
subsequent papei fell into that category Because of the possibility that the delay 
of treatment for some hours to allow for specific typing of the infecting pneumo- 
coccus may have influenced our mortality rate, we have since July 1941 been 
instituting chemotheiapy as soon as a diagnosis of pneumonia is made Before 
therap}'- is begun, specimens of sputum and blood are obtained for study In those 
cases m which typing is successful type-specific serum is then given to alternate 
patients unless they have already responded to chemotherapy 

It IS the practice of our service to discontinue chemotherapy entirely after the 
temperatuie and the pulse have fallen to normal and lemained so for eighteen 
to twenty-four hours In this senes it was found that the temperatures of 83 
pel cent of the patients treated with sulfadiazine alone remained normal (below 
100 F ) after therapy was discontinued In the remaining 17 per cent, who had 
a secondary rise in tempeiature, the febrile episodes were usually relatively mild 
and of short duration Our method of terminating chemotherapy is more economical 
and probably results in a lessened incidence of toxic reactions than does the method 
of tapering 

In oui present series, as well as in those of the other investigators, the mor- 
tality among patients who received type-specific serum m addition to sulfadiazine 
was slightly higher than among those who were tieated with the drug alone This 
greater mortality is accounted foi by the deliberate choice of the more severely ill 
patients for combination therapy and by the elimination from combined therapy of 
the least severely ill patients by then prompt response to chemotherapy alone In our 
series 20 per cent of the patients tieated with serum and sulfadiazine were selected 
because of bacteremia, detection of specific soluble substance m the blood or failure 
to respond to sulfadiazine alone The remainder w'^ere unselected, and alternate 
patients were given serum Compaiison of the two groups leveals that the inci- 
dence of blood cultures positive for pneumococci was twuce as great in the group 
undergoing combination theiapy as in the other The presence of circulating 
capsular carbohydrate was about three times as frequent m the former group as 
m the lattei (This difference approaches statistical significance — R D E = 1 8 ) 
Theie was a greater propoition of patients with infection due to type III pneumo- 
cocci, which has a high moitahty late, m the gioup given both sulfadiazine and 
sei um The distribution as to age and day of illness on which therapy w^as liegun 
w^as approximately the same in both groups On the other hand, theie were more 
deaths within twenty-four hours after admission m the sulfadiazme-treated group 
The patients who received both theiapeutic agents were undoubtedly more seveiely 
ill The slightly higher moitahty is explained by this definite difference in seventy , 
the mortality in the group given both agents might have been higher if serum had 
not been given We agree with other investigators that there are a number of 
severely ill patients for whom serum is life saving Final judgment as to the 
absolute value of this therapeutic agent must await lesults obtained from studies 

11 Billings, F T, Ji , and Wood, W B , Jr Studies on Sulfadiazine The Use of Sulfa- 
diazine in the Treatment of Pneumococcal Pneumonia, Bull Johns Hopkins Hosp 69 314, 1941 

12 Footnote 10 a, h and c 
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of compaiable patients All the factois which are known to influence prognosis, 
such as age, duiation of illness, bacteiemia, detection of capsular polysaccharide 
and concurient disease, must be taken into consideration 

The toxic manifestations associated with sulfadiazine weie both less frequent 
and less severe than those encountered with sulfapyndine Rarely was it found 
necessary to discontinue its admmistiation The moie serious reactions, such a§ 
anemia, obstiuction of the urinary tract and granulocytopenia, weie not observed 
in this series 

SUMMARY AND CONCLUSIONS 

Two hundred and thirty-two patients with pneumococcic pneumonia weie treated 
with sulfadiazine, and 70 received type-specific rabbit antipneumococcus serum in 
addition to the diug 

The gross mortality was 13 4 per cent in the former group and 14 3 per cent 
in the latter 

Those patients over 40 years of age tieated late in the course of then illness 
were most numerous in both groups and had the highest mortality 

Fifty-eight and seven-tenths per cent of the drug-treated patients and 43 pel 
cent of those in the other group had normal tempeiatures within forty-eight hours 
after the institution of therapy 

In the sulfadiazme-treated group two thirds of the patients who recoveied 
leceived between 10 and 24 Gm of the drug, two thirds of the patients had blood 
concentrations of free drug ranging from 5 to 10 mg per hundred cubic centimeters 

Chemotherapy was discontinued after the temperatuie had been normal foi 
eighteen to twenty-four hours The temperatures of 83 per cent of the patients 
in the sulfadiazme-treated group who recovered remained normal after chemo- 
therapy had been stopped The remaining 17 per cent had a rise in temperature 
which was mild and of short duration in most instances 

Sulfadiazine is as effective as sulfapyndine in the treatment of pneumococcic 
pneumonias 

The mortality among patients who received both serum and sulfadiazine was 
slightly higher than that among the sulfadiazme-treated patients, but the former 
group was composed of more severely ill patients 

888 Montgomery Street, Brooklyn 

400 Fifty-Eighth Street, New York 

13 Since the pieparation of this paper, numerous reports have appeared concerning renal 
damage — transitory and fatal — caused by sulfadiazine We have since seen patients with 
hematuria and with oliguria, 1 of whom, severely stricken, died This problem is under 
investigation in our service 



ACUTE BRUCELLOSIS 

CLINICAL, BACTERIOLOGIC AND SEROLOGIC STUDIES OF THREE PATIENTS 

BO'WMAN WISE, MD 

DURHAM, N C 

Perusal of the large numbei of case lepoits of undulant fever contained m the 
literature is unsatisfactorj not only because of frequent justifiable doubt as to the 
correctness of the diagnosis but because of the paucity of bacteriologic and serologic 
studies Recently 3 patients suffering from undulant fever have afforded an 
excellent oppoitumty for study of the persistence of bacteremia and the behavior 
of demonstrable seium antibodies foi Brucella throughout the course of the illness 
The technics used for blood cultures and for the serologic tests have been described 
elsewhere ^ All 3 patients came under obseiA'ation during the first month of illness, 
and all received treatment with sulfonamide drugs, the results of which will be 
discussed 

REPORT or CASES 

Case 1 — C M , a 35 year old white man, a salesman, entered the hospital on Jan 13 1941, 
complaining of chills and fever of three weeks’ duration The familial, marital and past 
histones were irrelevant He had frequently drunk unpasteunzed milk 

The patient’s illness began about Dec 15, 1940 with malaise, fever, headache and mild pain 
in the upper part of the abdomen At the onset he remained in bed for five days having daily 
chills and fever, but he felt sufficiently well to return to work on December 20 Three da>s 
later he again had fever and chills, these lasted three dajs and were followed by a relatively 
syrrpiom-f ree interval of three days, after which daily fc\ er, with the temperature reaching 40 C 
(104 F), and irregular chills became established During the first two weeks of his illness 
he was given quinine, without improvement On Jan 6, 1941 he was admitted to another 
hospital Physical examination revealed his liver to be palpable 2 cm below the costal margin, 
splenic dulness to percussion was increased, but the spleen was not palpable The hemoglobin 
content was 98 per cent and the white blood cell count 6,500, with polj morphonuclear leuko- 
cytes 42 per cent and small lymphocytes 58 per cent Blood smears were positive for tertian 
malaria, and he was given quinine sulfate in doses up to 2 Gm daily, without improvement 
His temperature rose daily to 38 and 40 C (100 4 to 104 F) Repeated blood smears were 
negative for malarial parasites Blood serum sent to the state laboratory was reported to give 
a positive agglutination reaction for undulant fever, and the patient was referred to Duke 
Hospital 

On admission the temperature was 38 7 C (1017 F), the pulse rate 94, the respiratory 
rate 18 and the blood pressure 110 systolic and 60 diastolic The patient appeared acutely ill 
The pharynx was reddened The heart and lungs were not remarkable There was no abdominal 
tenderness The edge of the liver was barely palpable , the spleen was felt 3 cm below the costal 
margin The remainder of the physical examination revealed nothing remarkable 

The Wassermann and Kahn reactions of the blood were negative The hemoglobin content 
was 95 per cent, the red blood cells numbered 4,500,000 and the white blood cells 8,000, with 
polymorphonuclear leukocytes 51 per cent (stab forms 23 per cent), eosinophils 0, basophils 0, 
large lymphocytes 0, small lymphocytes 43 per cent, early lymphocytes 4 per cent and mono- 
cytes 2 per cent The urine and stools were normal Brucella suis was isolated from the blood, 
and the serum agglutinated brucella organisms through titers to 1 2,560 Subsequent cultural 
and serologic studies are summarized in chart 1 

During the first three days of the patient’s stay in the hospital his temperature varied between 
38 5 and 40 4 C (1013 and 104 7 F) On the third day the administration of sulfathiazole 
was started in daily doses of 6 Gm There was a gradual fall m temperature during the first 
week of drug therapy, at which time the patient complained for several da>s ot severe pain in 
his heels, without objective findings At the time of discharge from the hospital, on February 1, 
the patient was afebrile and symptom free, and the spleen was no longer palpable 

From the Departments of Medicine and Bacteriology, Duke University School of Medicine 
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The patient returned for examination on February 25 and on March 25, having felt well 
during the intervals Phjsical examination showed nothing remarkable Cultures of blood 
taken on these visits weie positive for Br suis He returned on April 25, complaining of 
dull aching pain in the lower thoracic portion of the spine of five days’ duration This pain 
was relieved by local application of heat and was greatly increased by attempts to lift anything 
Examination revealed no tenderness over the vertebral spinous processes and no pain on motion 
of the spine Roentgenograms of the spine were normal Admission to the hospital was 
advised but refused 

The patient returned home and experienced marked inciease in the pain in his back, 
requiring morphine for relief A slight daily elevation of temperature was noted He reentered 
the hospital on May 2 

The temperature was 38 5 C (1013 F ), pulse late 84, respiratory rate 16 and blood 
pressure 128 systolic and 70 diastolic The patient appeared ill and in great pain There 
were point tenderness over the twelfth thoracic vertebra and severe pain on motion of the 
spine and lower parts of the legs The results of the remainder of the physical exami- 
nation were not remarkable 

The hemoglobin content was 114 per cent, the red blood cells numbered 5,520,000 and the 
white blood cells 4,850, with polymorphonuclear leukocytes 54 per cent, eosinophils 0, basophils 0, 
large lymphocytes 10 pei cent, small lymphocytes 28 per cent, early lymphocytes 2 per cent 



Chart 1 (case 1) — Bacteriologic and serologic observations The filled-in spaces indicate 
positive and the blank spaces negative results The sulfathiazole is expressed in grams 

and monocytes 6 per cent The urine and stools were normal Br suis was isolated from 
blood taken on the day of admission Other bacteriologic and serologic observations are given 
in chart 1 Roentgenograms of the spine showed no definite changes 

The patient’s temperature fell promptly to a normal level, and after application of a plaster 
body jacket the pain in his back gradually improved Administration of sulfathiazole (2-[para- 
aminobenzenesulfonamido]-thiazole) in daily doses of 6 Gm was started four days after admission 
and continued throughout his stay in the hospital He was greatly improved at the time of 
discharge, on May 23 

The patient was seen at intervals during the succeeding three months and complained 
only of occasional pain in the back Repeated roentgenograms of his spine failed to show 
any definite lesion Blood cultures were negative He returned to the hospital on November 17, 
complaining of a “cold” of one week’s duration Chilliness and fever, with a temperature 
to 38 8 C (1018 F), had been noted five days before admission Although all symptoms of 
rhinitis and pharyngitis had abated by the time of his visit, he was admitted to the hospital 
for observation 

The temperature was 372 C (100 F ), pulse rate 80, respiratory rate 20 and blood 
pressure 130 systolic and 70 diastolic The results of physical examination were not remark- 
able The hemoglobin content was 109 per cent, the red blood cells numbered 5,150,000 
and the white blood cells 5,880, with polymorphonuclear leukocytes 38 per cent (stab forms 
8 per cent), eosinophils 1 per cent, basophils 0, large lymphocytes 34 per cent, small lympho- 
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cjtes 23 per cent and monoc 3 'tes 4 per cent Roentgenograms of the spine showed no osseous 
lesion A blood culture was negative 

The patient was entirely afebrile and asymptomatic during his five day stay in the hospital 
He was discharged on November 21 He has reported from time to time that he feels 
perfectly well and has had no recurrence of any symptoms 

Case 2 — R L, a 29 year old white man, a farmer, entered the hospital on March 24, 1941, 
complaining of abdominal pain of six weeks’ duration The familial, marital and past histones 
were not remarkable On Dec 23, 1940, while dressing the carcass of a pig which had 
aborted five times during the preceding year and was said to have had Bang’s disease, the 
patient cut his hand and contaminated the wound with the animal’s blood On December 29 
he cut his wrist and contaminated the wound with the blood of a steer from a herd known to 
be infected with the so-called contagious abortion disease 

The patient’s illness began early in February 1941 with a gradual onset of malaise and 
increasing fatigability, soon followed by evening fever During the first week of illness, 
while chopping wood, he was suddenly seized with knifelike epigastric pain, increased by 


MONTHS 3333‘144444<)44-145G 9 

DAYS 24 26 28 30 I 3 5 7 9 1 1 13 15 17 19 21 12 10 8 



Chart 2 (case 2) — Bacteriologic and serologic observations The filled-m spaces indicate 
positive and the blank spaces negative results The sulfathiazole is expressed in grams 

inspiration and occasionally radiating to the back This pain was not incapacitating but per- 
sisted for nearly two weeks, when it became a dull ache and lost all relation to inspiration 
On February 10 he consulted a physician because of this abdominal pain, at which time his 
temperature was found to be 39 4 C (102 9 F) Fever, with the temperature reaching 38 3 
to 40 C (1009 to 104 F) daily, continued up to the time of entry to the hospital, along 
with increasing weakness and occasional night sweats Four days before entry to the hos- 
pital he was given tablets of unknown nature, which caused nausea and vomiting, and their 
use was discontinued after twenty-four hours 

The patient was fairly well nourished and did not appear acutely ill His temperature was 
40 C (104 F ), pulse rate 100, respiratory rate 18 and blood pressure 120 systolic and 
80 diastolic The skin was hot and dry There was slight enlargement of the superficial 
Ij'mph nodes The tonsils were moderately hyperemic The heart and lungs were not 
remarkable There was no abdominal tenderness The liver was not palpable, the spleen was 
felt 5 cm below the costal margin on deep inspiration The remainder of the examination was 
noncontributorj' 
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The Wassermann and Kahn reactions of the blood were negative, the hemoglobin content 
of the blood was 78 per cent, the red blood cells numbered 4,620,000 and the white blood cells 
5,800, with polymorphonuclear leukocytes 55 per cent (stab forms 6 per cent and juvenile cells 
3 per cent), eosinophils 1 per cent, basophils 0, large Ijmphocytes 19 per cent, small lympho- 
cytes 28 pel cent and monocytes 1 per cent Examinations and cultures of the urine and 
stools gave negative results Br suis was isolated from the blood, and serum agglutinins for 
brucella were present in a titer of 1 2,560 Subsequent bactenologic and serologic observa- 
tions are given in chart 2 

On the patient’s admission to the hospital Ins abdominal pain promptly disappeared On 
the fourth day in the hospital the temperature, which had risen daily to 39 5 C (103 1 F ), 
fell to 38 5 C (1013 F) and it did not rise above 37 9 C (1002 F) during the succeeding 
week, for which reason sulfonamide drugs were not given However, the temperature again 
rose daily to 40 C (104 F ) , so the administration of sulfathiazole was started in daily 
doses of 6 Gm During the subsequent week there was a gradual fall of the temperature to 
normal The daily dose of sulfathiazole was decreased to 5 Gm during the week preceding 
discharge At the time of discharge, on April 21, the patient was entirely afebrile and 
symptom free, but his spleen was still palpable A culture of blood taken on this day was 
positive for Br suis 


1941 , 9,2 



Chart 3 (case 3) — Bactenologic and serologic observations The filled-in spaces indicate 
positive and the blank spaces negative results The sulfathiazole is expressed in grams 


He returned for examination on May 12, saying that he felt perfectly well and that he had 
gained 13 pounds (5 9 Kg ) The results of physical examination were entirely negative, 
the spleen being no longer palpable Cultures of blood taken on this and subsequent visits 
were negative He returned again on June 9, having continued to be in excellent health and 
having gained an additional 10 pounds (4 5 Kg) He was last seen on Septembei 8, at 
which time he was discharged from observation 

Case 3 — D S , a 25 year old man, a technician employed in the brucellosis laboratory, 
was admitted to the hospital on April 22, 1942, complaining of general malaise The past 
history was noncontributory In March 1941 he was given three subcutaneous injections of 
a brucella vaccine at weekly intervals 

At the time of admission his temperature was 37 2 C (99 F ), pulse rate 92, respiratory 
rate 20 and blood pressure 120 systolic and 70 diastolic There was slight enlargement of 
the superficial lymph nodes, but the remainder of the examination gave negative results 

The Kahn and KIme reactions were negative The hemoglobin content was 103 per cent, 
the red blood cells numbered 5,270,000 and the white blood cells 4,800 with polymorphonuclear 
leukocytes 70 per cent (stab forms 6 per cent), eosinophils 0, basophils 0, large lymphocytes 
1 per cent, small lymphocytes 24 per cent and monocytes 5 per cent The urine was noimal 
Serum agglutinins and complement-fixing antibodies for Brucella were present in high titers. 
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and Br sms was isolated from the blood taken on admission Subsequent bacteriologic and 
serologic observations are given m chart 3 

The patient was given sulfadiazine (2- [paraaminobenzenesulfonamido] -pyrimidine) in daily 
doses of 6 Gm His temperature gradually fell to normal, and he was discharged from the 
hospital on May 6, 1942 He was followed closely and, except for having an infection of the 
upper lespiratory tract, remained well until July 15, when malaise again developed with 
arthralgia and fever A culture of blood taken on June 26 was positive for Br suis He was 
readmitted to the hospital on July 20 

On admission his temperature was 38 2 C (100 8 F ), pulse rate 100 and respiratory rate 24 
The results of physical examination were not remarkable The hemoglobin content was 
84 per cent, the red blood cells numbered 4,260,000 and the white blood cells 6,900 with polj- 
morphonuclear leukocytes 42 per cent (stab foims 6 per cent), eosinophils 0, basophils 0, 
large lymphocytes 0, small lymphocytes 44 per cent, early lymphocytes 1 per cent and 
monocytes 13 per cent The urine was normal A roentgenogram of the chest was normal 
Further bacteriologic and serologic observations are given m chart 3 

The patient’s treatment was entirely symptomatic His fever gradually subsided, and he 
was discharged from the hospital on July 31 Since this time he has been followed closely 
and has remained well 

COMMENT 

1 Chntcal and Lahoiatoiy Diagnosis — The clinically suspected diagnosis of 
undulant fever requires substantiation by isolation of biucella organisms from the 
patient’s blood oi demonstiation of brucella agglutinins in high titer in the patient’s 
serum Although the 3 patients desciibed heie had serum agglutinins in titers of 
1 2560 or higher, as well as Br suis m the blood at the time they came undei 
observation, agglutinins may not be demonstiable for weeks after the onset of 
illness Demonstiable complement-fixing antibodies in the serum usually parallel 
agglutinins in time of appeal ance, but, as has been stated elsewhere,^® the com- 
plement fixation test has no real advantage over the more easily performed aggluti- 
nation test for the diagnosis of biucellosis Deteimination of the opsonocytophagic 
index has been found to be of no value for diagnosis 

According to our experience the clinical diagnosis requiies differentiation of 
the condition fiom all fevers of undetermined origin, but brucellosis has been most 
fiequently confused with typhoid fevei and infectious mononucleosis Although 
patients suffering from biucellosis rarely appear as ill as those suffering fiom 
typhoid fever, laboratory tests are necessary to establish the correct diagnosis 
Significant enlaigement of the supeificial lymph nodes in brucellosis, to which 
Bloomfield has recently called attention," may lead to confusion with infectious 
mononucleosis Fuithermore, the differential white cell count of patients suffering 
from acute brucellosis fiequently reveals abnoimal lymphocytes suggestive of the 
early stage of infectious mononucleosis 

2 Fevei, Bactei emia and DuiaHon of Illness — The 3 patients discussed here 
were febrile at the time they came undei obseivation, and blood cultures weie 
positive for Bi suis Febrile episodes lasted usually seven to ten days The 
well known undulating type of fevei in this disease is illustrated in chart 2 (case 
2) The duration of the illness vaiied Recoveiy from the initial episode of fevei 
was apparently complete, and in the intervals between febrile episodes the patients 
were symptom free, despite the fact that bacteiemia was demonstrated by recovery 

1 (o) Wise, B , and Kerby, G P Cultivation of Brucella from the Blood, to be published 

(b) Wise, B An Evaluation of the Brucella Opsonocytophagic Test, Am J M Sc 200 520- 
523 (Oct ) 1940 (c) Jersild, M A Cytophagic Reaction Employed in the Diagnosis of 

Brucella Infection, J Infect Dis 68 16-19 (Jan ) 1941 (d) Foshay, L , and LeBlanc, T J 

The Derivation of an Index Number for the Opsonocytophagic Test, J Lab & Clin Med 
22 1297-1300 (Sept) 1937 (e) Wise, B, and Craig, H W The Brucella Complement- 

Fixation Reaction, J Infect Dis 70 147-lSl (March-Apnl) 1942 

2 Bloomfield, A L Enlargement of the Superficial Lymph Nodes in Brucella Infection, 
Am Rev Tuberc 45 741-750 (June) 1942 
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of the organism from the blood It is not geneially recognized that positive blood 
cultuies may be obtained long after complete recovery from the acute illness or 
even m the absence of a frank history of illness ^ In cases 1 and 3 recurrence of 
bacteremia, shown by positive blood cultures, preceded recurience of fever, but 
bacteiemia without any return of fever or symptoms occuried m case 2 Such 
possibilities should be kept m mind in all cases of biucellosis and should serve as a 
caution against mtei pretation of a single positive blood culture as indicating clinical 
disease 

3 Snljomimde Thciapy — In a review of the use of sulfonamide diugs in the 
treatment of undulant fevei , Blumgart and Gilhgan ^ m 1939 concluded that 
sulfanilamide is a valuable theiapeutic agent They stated “The findings, follow- 
ing sulfanilamide treatment, of diminished agglutination titers and of negative 
blood cultuies m cases which had shown positive cultures before treatment, bear 
further evidence that the infection is controlled ” Recent in vitro experiments 
have shown sulfathiazole and sulfadiazine to have an almost equal bacteriostatic 
action on Bi suis and one considerably more pronounced than that of sulfanilamide ® 
In the 3 cases leported sulfathiazole or sulfadiazine was given with little or no 
apparent benefit Possibly the drugs had some effect in reducing the bacteremia, 
but subsequent positive blood cultures were obtained in all cases, even as early as 
several da 3 ^s after administration of the drug was discontinued It seems likely 
that the number of positive blood cultures obtained in cases of undulant fever, 
both during and aftei the febrile illness, depends pnmaiily on the number of cul- 
tures made and also on the cultural technic employed It is of particular interest 
to compare the persistence of bacteremia m the case reported by Keefer in 
1924, in which no specific treatment was given with that m the 3 instances leported 
here Regardless of whether sulfonamide drugs are considered to have some 
beneficial effect m sterilizing the blood during the initial febrile episode, or possibly 
shortening the couise of the illness, the use of these drugs has failed to prevent 
relapse 

4 Serologic Reactions Pei sistence of Se^'um Anhhodies - — No significant 
changes in titers of brucella agglutinin or complement-fixing antibodies were 
obseived after sulfonamide therapy m the cases leported When agglutination and 
complement fixation tests aie carried out at frequent intervals, considerable vari- 
ations in titeis may be obseived over a period of days regardless of whether or not 
chemotherapy is used A relatively piompt disappearance of demonstrable serum 
agglutinins usually follows complete recovery, but complement-fixing antibodies, as 
IS well known, may persist for months The lesults of determinations of the 
opsonocytophagic index have been so variable as to preclude discussion This 
experience is in complete agreement with that of Castaneda, Tovai Mancera and 
Velez ^ 

3 (a) Keefer, C S Report of a Case of Malta Fever Originating in Baltimore, Mary- 
land, Bull Johns Hopkins Hosp 35 6-14 (Jan ) 1924 (&) Shaw, E A II The Ambulatory 

Type of Case in Mediterranean or Malta Fever, Mediterranean Fever Reports, London, 1907, 
pt 4, pp 8-15 

4 Blumgart, H L , and Gilhgan, D R The Treatment of Undulant Fever with Sulf- 
anilamide and Related Compounds, M Clin North America 23 1193-1203 (Sept ) 1939 

5 (a) Kempner, W , Wise, B , and Schlayer, C Manometric Determination of the Effects 

of Various Sulfanilamide Compounds on Brucella Mehtensis, Am J M Sc 200 484-492 (Oct ) 
1940 (6) Wise, B In Vitro Studies of Sulfonamide Action on Organisms of the Brucella 

Group and the Counteracting Effect of Para-Ammobenzoic Acid, J Pharmacol & Exper 
Therap 76 156-160 (Oct) 1942 

6 Castaneda, M R , Tovar Mancera, R , and Velez, R Studies on Brucellosis in Mexico 
Comparative Study of Various Diagnostic Tests and Classification of the Isolated Bacteria, 

T Infect Dis 70 97-102 (March-Apnl) 1942 
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5 Comphcations and Sequelae — Neithei complications nor sequelae were 
obseived in cases 2 and 3 Although osteitis, a fairly common complication of 
undulant fever,’' was stiongly suspected in case 1, no lesion was ever satisfactorily 
demonstrated by i oentgenologic examination 

SUMMARY 

1 The clinical histones and bactei lologic and seiologic observations in 3 cases 
of undulant fever are presented and discussed 

2 Emphasis is placed on the persistence and recurience of bacteremia, which 
may be detected in symptom-free inteivals between febrile episodes as well as after 
complete lecovery 

3 The behavior of demonstiable serum agglutinins and complement-fixing 
antibodies dm mg and after the period of illness is illustrated 

4 It IS noted that the theiapeutic effect of sulfathiarole or sulfadiarine in these 
cases was not striking 

Box 3703, Duke Universitj 

7 Bishop, W A Vertebral Lesions in Undulant Fe\cr, J Bone & Joint Surg 21 665-763 
(July) 1939 
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A gieat deal of evidence has accumulated to indicate that the thyroid gland 
IS a pait of an integiated system which regulates biologic oxidations The nervous 
system, the pituitaiy gland and the cells and fluids of the body are other important 
entities m this system (chart 1) Distuibance in any one of these units may 
affect the functions of the others For example, removal of the pituitary gland 
lesults 111 deci eased function of the thyroid gland, the body cells and the nervous 
system Removal of the thyroid leads to increased production of the thyrotropic 
hormone and to decreased activity of the body cells and the nervous system 
Comersely, with thyiotoxicosis or the feeding of thyroid theie is stimulation of 
the nervous system and the metabolism of the body cells Alteiations in biologic 
oxidations of the cells have been demonstiated to exert an effect on the segments 
of the S 3 ^stem shown in chart 1 , however, little consideration has been given to the 
concept that certain abnormalities in the functions of the body cells might lead 
to the development of thyrotoxicosis 

W ebster and Chesney ^ have found that in rabbits fed a diet consisting chiefly 
of cabbage goiter of a hyperplastic type developed and the metabolic late was 
lowered However, within a few days after iodine was given to these goitrous 
animals, they exhibited signs of thyrotoxicity and a marked elevation of the 
metabolic rate When iodine was given at the beginning of the cabbage diet it 
offered complete protection against the goitrogenic effects of cabbage “ Marine, 
Baumann, Spence and Cipra ' demonsti ated that a cabbage diet induces goiter 
because the cyanide it contains inhibits the consumption of oxygen Rabbits fed 
methyl cyanide had the same type of goiter ^ Moreover, the simultaneous admin- 
istration of iodine tended to prevent the goitrogenic effects of the cyanide 

From the Thorndike Memorial Laboratory, Second and Fourth (Harvard) Medical 
Services, Boston City Hospital, and the Department of Medicine, Harvard Medical School 
Fellow (Chile) ot the Rockefeller Foundation 1941-1942 Dr Egana did not read this 
manuscript because of difficulties in getting it transported to Chile 

1 Webster, B , and Chesney, A M Endemic Goiter m Rabbits III Effect of Admin- 
istration of Iodine, Bull Johns Hopkins Hosp 43 291, 1928 

2 Webster, B , and Chesney, A M Studies in the Etiology of Simple Goiter, Am J 
Path 6 275, 1930 

3 Marine, D , Baumann, E J , Spence, A W , and Cipra, A Further Studies on 
Etiology of Goiter with Particular Reference to the Action of Cyanides, Proc Soc Exper 
Biol & Med 29 772, 1932 

4 Marine, D , Rosen, S H , and Cipra, A Further Studies on the Exophthalmos in 
Rabbits Produced by Methyl Cyanide, Proc Soc Exper Biol & Med 30 649, 1933 
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Uotila ® found that rats continuously exposed to cold had an increase in the 
thyrotropic function and marked hypeiplasia of the thyroid cells However, if the 
pituitary stalk was sectioned before the animal was subjected to the cold, such 
changes were not found These observations emphasize the interrelation of the 
various segments of the system presented m chait 1 

Means, Hertz and Lerman ° noted that hyperthyioidism developed in some 
patients while they were following a strenuous legimen for the i eduction of weight 
We have seen this phenomenon sufficiently often to suspect that ceitain dietary 
restrictions may lead to the development of thyrotoxicosis It is of interest that 
A'^aiious deficiencies of vitamins, as well as of other substances, have been said 
to pi omote the development of goiter Spence ^ observed the development of simple 
goiter m 15 of 20 rats kept on a diet deficient in vitamins A, B, C and D Sand- 
berg and Holly ® reported that m rabbits kept on a diet deficient m vitamin 
hyperplasia of the thyioid developed but that administration of vitamin Bj to these 
animals with goiter caused only slight change in the anatomic state of the gland 
However, Fischer ° found not only that vitamin B^ plays a contributory part in the 
pioduction of endemic goiter but that the feeding of this vitamin in unpolished 



Chart 1 — An integrative sj'stem concerned with biologic oxidations 

rice produces the same histologic effect on the thyroid gland as the feeding of 
iodized salt On the other hand. Carpenter and Sharpless concluded that vita- 
min B deficiency alone does not affect the size, structure oi iodine content of the 
thyioid gland of the rat 

Thus, one can 'see that the cellulai oxidations have distinct influences on the 
thyroid gland, but further study is necessary to establish the precise nature and 
extent of these relationships 

5 Uotila, N N Role of Pituitary Stalk in Regulation of Thyrotropic and Thyroid 
Activity, Proc Soc Exper Biol & Med 41 106, 1939 

6 Means, J H , Hertz, S , and Lerman, J Nutritional Factors in Graves’ Disease, Ann 
Int Med 11 429, 1937 

7 Spence, A W The Effect of Vitamin Deficiency on the Structure of the Thyroid and 
Thymus Glands, Bnt J Exper Path 13 157, 1932 

8 Sandberg, M , and Holly, O M On the Influence of V itamin B and of Iodine on the 
Calcium and Phosphorus Metabolism of Rabbits with Hyperplastic Thyroids, J Biol Chem 
99 547, 1933 

9 Fischer, E Production and Prevention of Goiter in Rat Experiments, Nutrition Abstr 

& Rev 3 827, 1934 „ , 

10 Carpenter, M D , and Sharpless, G R A Study of the Effect of Vitamin B and 
Iodine on the Weight, Iodine Content and Structure of Ihe Thyroid Gland of the Rat, J Nutri- 
tion 13 235, 1937 
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At the Thoindike Memorial Laboiatoiy we have been investigating in thyro- 
toxic patients the natuie of the reactions of the various segments of the system of 
biologic oxidations, as presented by von Szent-Gyorgyi The following outline 

shows some of the steps involved m the oxidation of dextrose 

Carbon dioxide 

Diphosphothiamme — Carboxylase — Magnesium t 

d-Clucose— >Triose— >Clyceiic acid^Enol pyiuvic acid— »Pyruvic acid— s^Lactic acid 
(Dextrose) 4 - 

Oxaloacetate 

i 

Flavoprotem 

i 

Fumarate 

i 

Cytochromes 

i 

Oxygen 

In this report we are concerned chiefly with the interrelationship of the thyroid 
and thiamine functions, particularly the effects of the former on the lattei First, 
howevei, we wish to mention some of the physiologic reactions of this vitamin 

The biologically active form of thiamine is cocarboxylase, or diphospho- 
thiamme Although the phosphorylation of thiamine occurs m all nucleated cells, 
the liver and kidneys aie particulaily active in this process Almost all the thiamine 
found 111 the cells is m the phosphorylated form, whereas essentially all the thiamine 
in the plasma and urine is m the free foini Diphosphothiamme is primarily con- 
cerned with the decarboxylation of alpha ketonic acids, particularly pyruvic acid 
In this capacity it is part of a protein-diphosphothiamme-magnesium compound 
m which the three components are present in the ratio of 1 1 5 or 1 1 7 

Diphosphothiamme is necessary for the transfer of phosphorus fiom phospho- 
(enol) -pyruvic acid to adenylic acid, and, since pyruvate oxidations cause the 
storage of a consideiable amount of eneigy as adenosine triphosphate, diphospho- 
thiamme IS indirectly involved m the synthesis of glycogen from d-glucose (dex- 
trose) Diphosphothiamme is also necessary m the synthesis of fatty acids from 
cai Dohydrates , this action is probably secondary to its effect on pyiuvate 
metabolism 

It may thus be noted that not only thyroid but diphosphothiamme is intimately 
concerned with cellular oxidation Since it has been shown by Plimnier,^^ Cowgill 
and associates and others that the requirements of vitamin B are propor- 

11 von Szent-Gyorgyi, A On Oxidation, Fermentation, Vitamins, Health and Disease, 
Baltimore, Williams & Wilkins Company, 1939 

12 Ochoa, S Cocarboxylase, m Symposium on Vitamins Held at the University of 
Chicago, Sept 15-17, 1941, Chicago, University of Chicago Press, 1942 

13 Banga, I , Ochoa, S , and Peters, R A Pyruvate Oxidation m Brain VI The 
Active Form of Vitamin Bi and the Role of C 4 Dicarboxylic Acids, Biochem J 33 1109, 1939 

14 Phmmer, R H A Vitamins, Brit M J 1 239, 1926 Plimmer, R H A , Rosedale, 
J L , and Raymond, N H Experiments on Nutrition VI Balance of Food by Vitamin B, 
Biochem J 21 913, 1927 

15 (o) Cowgill, G R, and Palmieri, M L Studies in the Physiology of Vitamins 
XXH The Effect of Experimentally Induced Hyperthyroidism on the Vitamin B Requirement 

(Footnotes conttnucd on next page) 
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uonal to the amount of food metabolized, one might expect to find disturbances in 
thiamine metabolism m thyrotoxicosis Many studies have been made of this 
subject with animals, but studies of patients are somewhat incomplete 

THYROTOXICOSIS OF ANIMALS 

Rats maintained on a normal diet had essentially the same concentration of 
vitamin m the different tissues, although the concentration was slightly greatei 
in the hvei and heart When large quantities of the vitamin were fed, the 
concentration greatly increased m the livei and muscle but did not change appiecia- 
bly m the other tissues Animals kept on a diet deficient in vitamin for one 
month had no demonstrable thiamine in the tissues 

Rats given 12 Gm of normal diet and 100 mg of thyroid extiact daily have 
been found to show a deciease m the thiamine content of the kidney and a marked 
deciease m that of the liver but a normal content m the spleen Animals main- 
tained on the foregoing regimen and subsequentl}'^ given by injection 500 micro- 
grams of thiamine hydrochloride daily had a noimal amount of thiamine m the 
spleen and muscle, a slightly raised content in the heart and a definite reduction 
m ihe hvei and kidney when compaied with normal rats receiving 500 micrograms 
of thiamine hj^drochlonde daily The hj'perthyroid lats receiving the thiamine 
eliminated the same amount of vitamin B^ in the urine as did the normal rats 
given the same amount of thiamine Tins suggests that the increased metabolism 
produced by the thyroid feeding did not increase the amount of vitamin B^ 
destroyed by the body metabolism 

Peters and Rossiter demonstrated that the cocarboxylase content of boiled 
tissue extracts from the hypei thyroid animals which they studied was intermediate 
in value between that fiom normal animals and that from animals showing symp- 
toms of vitamin Bj deficiency The injection of thiamine hydrochloiide increased 
the diphosphothiamme content of the tissues of both normal and hyperthyioid 
animals 

Dogs kept on a diet deficient in vitamin B and fed large doses of desiccated 
thyioid had anorexia and lost weight much sooner than dogs on the same diet 
without thyroid The administration of large doses of thiamine to these animals 
caused a marked increase in appetite and a gam in weight,"- beginning within 
forty-eight hours Furthermore, dogs kept on a diet well supplemented with 

of Pigeons, Am J Physiol 105 146, 1933 (6) Himwicli, H E , Goldfarb, W, and CowgiH, 

G R Studies in the Physiology of Vitamins XVII The Effect of Thyroid Administration 
upon the Anorexia Characteristic of Lack of Undifferentiated Vitamin B, ibid 99 689, 1932 

16 Hendricks, W A The Relation of Vitamin B Requirement to Aletabohsm, ibid 105 
678, 1933 Williams, R R, and Spies, T D Vitamin Bi and Its Use in Aledicine, New York, 
The Macmillan Company, 1938, chap 20 

17 Brodie, J B , and MacLeod, F L Quantitative Experiments on the Occurrence of 
Vitamin B m Organs, J Nutrition 10 179, 1935 Leong, P C Vitamin Bi in the Animal 
Organism I The Maximum Storage of Vitamin Bi in the Tissues of the Rat, Biochem J 
31 367, 1937 

18 The terms thiamine and vitamin Bi are synonymous 

19 Drill, V A The Effect of Experimental Hyperthyroidism on the Vitamin Bi Content 
of Some Rat Tissues, Am J Physiol 122 486, 1938 

20 Peters, R A, and Rossiter, R J Thyroid and Vitamin Bi, Biochem J 33 1140, 1939 

21 Cowgill, G R , Rosenberg, H A , and Rogoff, J Studies in Physiology of Vitamins 
Effect of Exercise on Time Required for Development of Anorexia Characteristic of Lack of 
Undifferentiated Vitamin B, Am J Physiol 98 589, 1931 

22 Himwich, H E , Goldfarb, W , and Cowgill, G R The V itamin B Complex m Rela- 
tion to Food Intake During Hyperthyroidism, Proc Soc Exper Biol & Med 28 646, 1931 

23 Drill, V A The Calorie Intake and Weight Balance of Hyperthyroid Dogs m Relation 
to Vitamin Bi and Yeast, Am J Physiol 132 629, 1941 
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vitamin B and fed thyroid did not tend to show anorexia oi loss of weight 
when very large doses of thyroid were given the animals lost weight and died 
m spite of the fact that the tissue content of vitamin can be maintained at a 
noiiiial level by the injection of large quantities of thiamine Some of these 
phenomena have been denionstiated in rats and pigeons Sure and Buchanan,"® 
working with rats, showed that a much bettei protection against the toxic effects 
of thyroxin was afforded by yeast than by thiamine alone Furthermore, Drill 
and Sheiwood"' found that although vitamin Bi stimulated the food intake of 
hypci thyroid lats, it did not promote gam in weight, under the conditions used, 
until a rich souice of vitamin B complex was added to the diet 

Frazier and Fiiedman"® found that the administration of thyroid to guinea 
pigs caused marked depletion of glycogen in the liver, the same diet without the 
thyioid peimitted a gam in weight The addition of iodine or dextrose to the 
diet did not increase the amount of glycogen in the liver Howevei , the studies of 
DrilD® demonstrated that lats which received large quantities of vitamins Bi and 
G plus thyroxin maintained a noimal quantity of glycogen m the liver 

Abelin, Knuchel and Spichtm lepoited that large amounts of casein, egg 
yolk or yeast in the diet of hyperthyioid animals lowered the basal metabolic rate, 
prevented the depletion of glycogen stores of the liver and muscles and prevented 
hepatic injury Moi cover. Dull and Hays demonstrated that in dogs fed large 
quantities of thyroid, yeast afforded a maiked protection to the hepatic function, 
as measured by the bromsulphalem test 

Buell, Strauss and Andrus®- found that in the gastiocnemius muscles of 
severely thyroximzed animals the formation of lactic acid was inhibited, as evi- 
denced by a lowei initial value, slower rate of formation and earlier cessation of 
production than those of the noi nial animal They also found a deci eased glycogen 
content of the muscle but did not believe this was the cause of the deciease in 
proQuction of lactic acid They suggested that m the thyroximzed animal theie 
may be a decreased capacity foi the synthesis of glycogen from lactic acid 

In summary, studies with animals have shown that with the administration of 
large doses of thyroid there is a demand for an inci eased supply of thiamine, which 
if not supplied results m a depletion of the body stoies of this vitamin leading to 
anoiexia, loss of weight, decreased stores of glycogen m the muscles and liver 
and decreased hepatic function These changes can be largely leversed or pre- 
vented by the concomitant administration of vitamin B^ and the vitamin B complex 

24 Sure, B , and Smith, M E Hyperthyroidism and Nutrition I Vitamin B and 
Thyroxine, J Nutrition 7 547, 1934 

25 Sure, B , and Buchanan, K S Antithyrogenic Action of Crystalline Vitamin B, 
T Nutrition 13 513, 1937 Sure and Smith -■* 

26 (a) Cowgill, G R, and Klotz, B H Determination of the Vitamin B Requirement 

of the Pigeon and Its Bearing on the Theory of Vitamin B Function, Am J Physiol 81 470, 
1927 (b) Cowgill and Palmieri Cowgill, Rosenberg and Rogoff 21 

27 Drill, V A , and Sherwood, C R The Effect of Vitamin Bi and the Vitamin B 2 
Complex on the Weight, Food Intake, and Estrus Cycle of Hyperthyroid Rats, Am J Phvsiol 
124 683, 1938 

28 Frazier, W D , and Friedman, H Alterations in Liver Glycogen Following Thyroid, 
Iodine and Glucose Feedings, Surg, Gynec & Obst 60 27, 1935 

29 Drill, V A The Effect of Yeast on the Liver Glycogen of White Rats Dunne Hvnei- 
thyroidism, J Nutrition 14 . 355, 1937 

30 Abelm, I , Knuchel, M , and Spichtin, W The Effect of Vitamins on the Course of 
Experimental Hypei thyroidism, Biochem Ztschr 228 189, 1930 

31 Drill, V A, and Hays, H W Hyperthyroidism and Liver Function m Relation to 
B Vitamins, Pioc Soc Exper Biol & Med 43 450, 1940 

32 Buell, M V , Strauss, M B , and Andrus, E C Metabolic Changes Involving 
Phosphorus and Carbohydrate m the Autolyzmg Gastrocnemius and Cardiac Muscles of 
Normal of Thyroximzed and of Adrenal ectomized Animals J Biol Chem 98 645, 1932 
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THYROTOXICOSIS OF PATIENTS 

Fiazier and Ravdin,®® as well as Means, have pointed out that in patients with 
exophthalmic goiter there are often symptoms suggesting thiamine deficiency One 
of us (R H W ) has been interested m this association foi several years and 
has observed not infrequently the coexistence of hyperthyroidism, pellagra and 
ariboflavinosis The tongue is sometimes fiery red and its papillae atrophic, 
hyperexia may be replaced by anorexia, and loss of weight becomes marked, 
achlorhydiia, “dyspepsia,” delayed emptying time of the stomach and diarrhea 
are fairly common Tachycardia, cardiac dilatation, generalized edema, deciease 
m circulation time and vasomotor disturbances are also encountered Decrease 
m strength and tolerance to exercise are almost always demonstrable 

Boison^® found that the daily excretion of thiamine in the urine was below 
normal in most of a group of 8 thyrotoxic patients He also found that the 
excietion of a test dose of thiamine was substandard in nearly each instance 
In order to secure further infoimation as to the frequency of coexistence of 
thyrotoxicosis and thiamine deficiency, we determined the vitamin B content of 
the blood of 40 thyrotoxic subjects The patients studied were scattered m seven 
hospitals in Boston and represented various social classes There was no selection 


O 

O 



Chart 2 — ^Amount of free thiamine in the blood of 40 thyrotoxic patientc 

Other than that contingent on a basal metabolic rate above + 20 per cent and 
definite clinical evidence of thyrotoxicosis Five patients had received a few small 
doses of thiamine, chiefly in the form of yeast Blood was drawn from the patients 
when they were in a resting and fasting state Whenever a tourniquet was used 
foi a venipunctuie, an interval of about five seconds was allowed to elapse between 
release of the tourniquet and withdrawal of blood Enough blood was drawn at one 
time for determinations of thiamine, diphosphothiamine, pyruvic acid and lactic 
acid 

Thmmine — Estimations of thiamine was peiformed by the thiochrome method 
of Jansen modified by Egana and Robinson This method depends on the 

33 Frazier, W D , and Ravdin, I S The Use of Vitamin Bi in the Preoperative Prepara- 
tion of the Hyperthyroid Patient, Surgery 4 680, 1938 

34 Means, J H The Thyroid and Its Diseases, Philadelphia, J B Lippmcott Company, 
1937 

35 Borson, H J Clinical Application of the Thiochrome Reaction m the Study of 
Thiamin (Vitamin Bi) Deficiency, Ann Int Med 14 1, 1940 

36 Dr Herbert Sise, of the Lahey Clinic, gave us the opportunity of studying many ot 

these patients t, mu 

37 Jansen, B C P A Chemical Determination of Aneurm (Vitamin Bi) by the ihio- 
chrome Method, Rec d trav chim d Pays-Bas 55 1046, 1936 

38 Egana, E , and Robinson, P F The Estimation of Diphosphothiamin and Thiamm in 
Blood, to be published 
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quantitative oxidation of thiamine to thiochrome, in the piesence of alkaline fer- 
iicyanide, measurable by the intensity of blue fluorescence in ultraviolet light 

Of the 40 specimens of blood studied, 31 had a lower thiamine level than 
noinial (chart 2) We found the lange for 25 normal persons to be between 
2 5 and 4 microgiams per hundred cubic centimeters 

Borson,^® using thiamine saturation tests, found evidence of deficiency in all 
12 thyrotoxic patients he tested 

Diphosphothimmne — Since the biologically active form of thiamine is diphospho- 
thiamine, we estimated the amount of the latter in each of the aforementioned 
specimens of blood The method employed was one recently described by Egana 
and Robinson It depends on the quantitative conversion of diphosphothiamine 
to diphosphothiochroine, the latter giving a blue fluorescence in ultraviolet light 
The intensity of the fluorescence is compared with that exhibited by a gradient 
set of standard solutions that have been carried through the same process as the 
unknown, and thereby the amount of diphosphothiamine estimated A known 
amount of thiamine was added to almost every specimen of blood, and the 
peicentage lecoveiable was determined In some patients only a small amount 



Chart 3 — Amount of diphosphothiamine m the blood of 40 thyrotoxic patients 

was lecovered, but these patients tended to have a high pyruvic acid content 
in the blood (This will be discussed later ) A few such patients were followed 
while receiving treatment with thiamine As they became saturated with this 
vitamin and as the diphosphothiamine level of the blood returned to normal, 
the percentage of vitamin recovered by the technic described tended to return to 
normal 

The diphosphothiamine content of the blood of 25 noimal persons in a resting 
and fasting state was found to be between 6 and 9 micrograms per hundred cubic 
centimeters However, the amount of this substance was below the normal level 
in 34 of the 40 thyrotoxic patients examined (chart 3) Furthermore, m the 
majority of cases the reduction was moderate The amount of free and of 
phosphorylated thiamine tended to paiallel each other, although in a few instances 
there were distinct discrepancies For example, the patients with diphospho- 
thiamine levels, respectively, of 3 to 4, 4 to 5 5 and above 5 5 micrograms per 
hundred cubic centimeters had average thiamine levels of 11, 16 and 3 micro- 
grams per hundred cubic centimeters It was our impression that the determinations 
of diphosphothiamine were a little more accurate than those of thiamine Further- 
moie, on following some patients from day to day, we did not observe quite as 
much fluctuation in the phosphorylated form 




360 


ARCHIVES OF INTERNAL MEDICINE 


When the thyrotoxic subjects were considered as a group, theie was no 
correlation between the amount of vitamin B deficiency and the height of the 
basal metabolic rate or the duration of the disease However, when the subjects 
were considered individually, these factors were significant, as was, of course, 
the food eaten 

Pyruvic Acid — When the blood was collected for the thiamine determinations 
about 6 cc was placed in a bottle with 0 2 cc of 30 per cent sodium monoiodoacetate 
and 1 drop of 20 per cent potassium oxalate solution The use of the lodoacetate 
was based on the expeiiments of Bueding and Wortis,®® which showed that this 
substance would prevent the disappearance of pyruvic acid from the blood These 
investigators also found that if blood to which sodium monoiodoacetate had been 
added was allowed to stand at room temperature for thiity minutes, an increase 
of pyruvic acid of 3 to 20 per cent was observed On the other hand, if blood was 
precipitated at intervals ranging from forty seconds to ten minutes after with- 
drawal from the vein, significant losses were observed when the stabilizing medium 
was not used Our observations confirm these principles, however, we did not 
notice significant changes m pyiuvic acid if the blood was kept in the ice box 
for thirty minutes or more before precipitation 



Chart 4 — Amount of pyruvic acid in the blood of 42 thyrotovic patients 


We used the Lu method for the determination of pyruvic acid with essentially 
the modifications described by Bueding and Wortis This method depends on 
the conversion of pyruvic acid into its hydrazone by the use of 2,4-dinitrophenyl- 
hydrazine, the extraction of this substance with ethyl acetate, the use of sodium 
carbonate for the separation of the pyruvate hydrazone from the excess hydrazine 
and the hydrazones of other ketones and aldehyde derivatives, and the quantitation 
in a photoelectric colorimeter of the red color produced by the addition of sodium 
hydroxide 

We have found that the level of pyruvic acid of the blood during fasting in 
most normal persons is between 0 5 and 1 5 mg per hundred cubic centimeters and 
usually not below 1 mg , rarely, it is slightly above 1 5 mg This is in essential 
agreement with the results of Johnson However, our normal values are higher 
than the ones obtained by Lu and slightly higher than the ones of Bueding and 
Wortis 


39 Bueding, E, and Wortis, H The Stabilization and Determination of Pyruvic Acid 
m the Blood, J Biol Chem 133 585, 1940 

40 Lu, G D XXX Studies on the Metabolism of Pyruvic Acid in Normal and yramin 
Bi Deficient States I A Rapid, Specific and Sensitive Method for the Estimation of Blood 
Pyruvate, Biochem J 33 249, 1939 

41 Johnson, R Personal communication to the authors 

42 Lu, G D Studies on the Metabolism of Pyruvic Acid in Normal and Vitamin Bi 
Deficient States II Blood Pyruvate Levels in the Rat, Pigeon, Rabbit and Man, III The 
Relation of Blood Pyruvate to Cardiac Changes, Biochem J 33 774, 1939 
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The pyruvic acid content of the blood was elevated in 32 of 42 thyrotoxic 
patients whom we examined Within a wide range, theie was a definite correlation 
of this change with the amount of diphosphothiamme present For example, all 
21 patients with a diphosphothiamme level below 4 micrograms per hundred cubic 
centimeters had a pyruvic acid level above 2 mg per hundred cubic centimeteis, 
and 1 1 patients with a diphosphothiamme level below 3 5 micrograms had a 
pyruvic acid level averaging 2 7 mg On the other hand, none of the patients with 
a diphosphothiamme level above 5 micrograms per hundred cubic centimeters 
had a pyruvic acid level above 1 8 mg per hundred cubic centimeters These 
results support the conclusions of Lu and of Buedmg, Wortis and Stern that 
the pyruvic acid content of the blood is elevated m practically all cases of definite 
vitamin deficiency and is of aid m the diagnosis and the evaluation of the 
course of this deficiency 

Lactic Acid — Only a few determinations of the lactic acid were performed, 
since the atmosphere around our hospital contained too many interfering sub- 
stances for accurate results The estimations were carried out at the Fatigue Lab- 
oratory (Harvard University) with the apparatus and method used by Edwards 

The lactic acid content of the blood was elevated m 5 of 7 thyrotoxic patients 
m a resting and fasting state Of 19 determinations on 3 subjects, it was elevated 
m all but 2 instances, occasionally being as high as 25 to 30 mg per hundred cubic 
centimeters 

Magnesium — Soffer and collaborators found that m 35 of 50 patients with 
hyperthyroidism there was a definite increase m nondiffusible magnesium Although 
the degree of this change was not consistently proportional to the height of the 
metabolic rate, there was a decrease m the nondiffusible magnesium with adequate 
iodine treatment, a further decrease with subtotal thyroidectomy and a drop to a 
subnormal level m myxedema On the other hand, the administration of thyroid 
or thyroxin to myxedematous patients or thyroidectomized dogs resulted m a 
return of the magnesium to normal levels Lavietes and Dine confirmed these 
observations and found that in 7 patients with hypermetabolism without hyper- 
thyroidism the protein-bound magnesium was uniformly normal They suggested 
that magnesium may be an integral part of the circulating thyroid hormone or of 
the complex m which the hormone functions 

EFFECT ON CARBOHYDRATE METABOLISM OF TREATMENT WITH 
THIAMINE AND MAGNESIUM 

The evidence thus far indicates that m the blood of most thyrotoxic subjects 
there is an accumulation of pyruvic acid, as well as of lactic acid, a decrease in 
the diphosphothiamme and an increase in the protein-bound magnesium Since 
diphosphothiamme and magnesium are greatly concerned m the decarboxylation 

43 Buedmg-, E , Wortis, H, and Stern, M Pathological Variations m Blood and Spinal 
Fluid Pyruvic Acid, J Clin Investigation 21 85, 1942 Buedmg, E , and Wortis, H Pyruvic 
Acid m Blood and Cerebrospinal Fluid, Proc Soc Exper Biol & Med 44 245, 1940 

44 Edwards, H T A Simplified Estimation of Lactate in Normal Human Blood, T Biol 
Chem 125 571, 1938 

45 Soffer, L J , Dantes, D A , Grossman, E B , Sobotka, H, and Jacobs, M D 
Ultrafiltrable Magnesium m Hyperthyroidism, J Clin Investigation 18 597, 1939* Soffer, 
L J , Cohn, C , Grossman, E B , Jacobs, M , and Sobotka, H Magnesium Partition Studies 
m Graves’ Disease and m Clinical and Experimental Hypothyroidism, ibid 20 429 1941 

46 Lavietes, P H , and Dine, R F The Relation of Magnesium to the Thvroid Hor- 
mone, J Clin Investigation 20 444, 1941 
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and oxidation of pyruvic acid, as stated, we performed a series of experiments 
on the effect on the carbohydrate metabolism of the administration of diphospho- 
thiamme and magnesium to 7 patients with thyrotoxicosis, 2 with myxedema, 2 
with neuritis associated with vitamin deficiency and 9 normal persons The 
thyi otoxicosis was mild or moderate m 6 patients and severe in 1 

Changes m the le^els of dextrose, pyruvate, lactate, thiamine and diphospho- 
thiamine m the blood weie observed at frequent intervals during a period of four 
hours following the injection of dextrose The experiment was repeated several 
times, in order that we might obsen^e these chemical changes after the injection 
of dextrose plus magnesium, dextiose plus magnesium plus diphosphothiamine, 
dextrose plus diphosphothiamine and diphosphothiamine without dextrose The 
entire group of experiments was performed on some patients and only a few on 
others Thus, not only weie the i espouses m the different types of patients com- 
pared, but each patient served as a control for himself 

All the subjects had been leceiving a high carbohydrate intake before the tests 
were cairied out, and an inteival of at least two to three days was permitted to 
elapse between tests The patients were kept m a fasting and resting state while 
the experiments weie performed The specimens of blood were obtained from the 
arm which had not received the injections 

Effects of the Injection of Dexhose — Fifty grams of dextrose m 50 per cent 
solution was injected intravenously over a period of six minutes Specimens 
of blood were usually taken at the following times during fasting and fifteen, 
forty-five, ninety, one hundred and fifty minutes and four hours after the admin- 
istration of the dextrose 

For 3 of the thyrotoxic patients the dextrose tolerance cun'e was normal, but 
for the other 4 thei e were an elevated fasting level and a slower fall than normal , 
all of the dextrose levels determined forty-five, ninety and one hundred and fifty 
minutes after the injection of dextrose were above those of the normal persons 
at the corresponding times The averages of these results have been plotted in 
chart 5 The dextrose tolerance curves of the myxedematous patients were almost 
identical with those of the thyrotoxic patients (chart 5) except that the specimens 
taken during fasting were normal Of the 2 thiamine-deficient patients, 1 had a 
decreased dextrose tolerance, whereas the other had a normal response 

For a number of years it has been known that thyrotoxic subjects tend to 
show a decreased tolerance to dextrose ’’ It is not entirely clear as to why this is 
true, although a number of factors may be considered as possibly playing a role, 
e g , starvation, vitamin B deficiencjq hepatic damage and concomitant disease of 
the pituitary or pancreas 

John found that diabetes was twice as common m patients with hyper- 
thyroidism as m the general population, but in 38 7 pei cent of the former the 
dextrose tolerance curve ultimately leturned to normal, wheieas it became normal 
m only 29 6 per cent of persons without hypei thy roidism He noted that all of the 
thyrotoxic patients who had a normal dextrose tolerance curve before thyroid- 
ectomy continued to have a normal one indefinitely The demonstration of the 
decreased dextrose tolerance m these patients long after thyroidectomy suggests that 
the pancreatic islets may have been exhausted, owing to the continued heavy 
demands placed on them, or that there is a persistence of hypertuitary activity 

47 Youmans, J B , and Warfield, L M Liver Injury in Thyrotoxicosis as Evidenced by 
Decreased Functional Efficiency, Arch Int Med 37 1 (Jan ) 1926 

48 John, H J Repeated Glucose Tolerance Tests in Hyperthyroidism, J Clin Endo- 
crinol 2 264, 1942 
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Bueding, Stein and Wortis^” found a decreased dextrose tolerance m most 
patients with vitamin deficiency We were unable to altei the dextrose tolerance 
curve of any of our patients by giving 5 mg of diphosphothiamine intravenously 
just before performing the dextrose tolerance tests It is of mteiest that 1 patient 
who repeatedly showed decreased dextrose tolerance had a normal response to 
dextiose after a thyroidectomy m spite of evidence of a moderate deficiency m 
vitamin B^ 

Weller found a well marked chronic parenchymatous hepatitis m 22 of 
44 selected patients with exophthalmic goiter, but only 1 example of the same 
degree of change was found m a control series of the same number of persons 
studied at autopsy In fact, only 6 of the patients showed no hepatitis, whereas 
of the control series 30 of the total 44 showed no hepatitis Furthermore, Youmans 
and Warfield demonstrated an impairment of hepatic function m 50 per cent 
of the patients with thyrotoxicosis on whom they performed tests They also found 
that 21 of 27 patients showed a decreased dextrose tolerance, but they stated that 
this, more than any other feature of the disease except loss of weight, was found 
to be related to the decreased efficiency m hepatic function 



Chart 5 — Blood sugar curves (average) after the intravenous injection of 50 Gm of 
dextrose in normal and in thyrotoxic subjects 

Vitamin B,, deficiency, hepatic disease, depletion of the glycogen stores of the 
body and associated disease of the pituitary and pancreas piobably account for 
many of the disturbances m the dextrose tolerance reactions that have been observed 
m thyrotoxic patients 

The changes m the level of pyruvic acid m the blood following infusion of 
dextrose were pronounced m all 7 thyrotoxic subjects A marked rise occurred 
(chart 6) immediately after injection of the dextrose, and the level continued to 
rise for thirty to foity-five minutes, reaching a peak of 3 to 5 mg per hundred 
cubic centimeters The level was highest m 2 subjects at ninety minutes In 
all but 1 subject it was still elevated at the end of one hundred and fifty minutes 
However , m 7 normal persons tested it did not rise above 2 5 mg per hundred 
cubic centimeters at any time and was essentially normal within ninety minutes 
There was little rise m the pyruvate curve for the 2 myxedematous patients tested, 
the highest level being 1 9 mg per hundred cubic centimeters The response in 

49 Bueding, E , Stem, M H , and Wortis, H Blood Pyruvate Curves Following Glucose 
Ingestion in Normal and Thiamine Deficient Subjects, J Biol Chem 140 697, 1941 

50 Weller, C V Hepatic Lesions Associated with Exophthalmic Goiter Tr A Am 
Physicians 45 71, 1930 
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the patients with vitamin deficiency was similai to that in the thyrotoxic patients 
Bueding, Stem and Woitis have lepoited that m subjects with thiamine deficiency 
the level of pyruvate m the blood during fasting is elevated and that the pyiuvate 
curve after ingestion of dextrose is abnormally elevated and is slow in returning 
to a normal level 

Foi a fuithei test of the ability of thyiotoxic subjects to metaboh/e pyruvic 
acid, 5 Gm of sodium pyiuvate was piepaied and injected intiaveiiously accoiding 
to the technic desciibed by Wilkins, Weiss and Tayloi Again it was demon- 
strated that these patients metabolize pyruvic acid distinctly more slowly than 
normal 



Chart 6 — Pyruvic acid curves (average) after the injection of dextrose in 8 normal and 
in 6 thyrotoxic subjects 



Chart 7 — Lactate cuivcs (average) after the injection of sodium pyruvate (A) or dextrose 
(S) in 4 normal subjects (broken lines) and m 5 thyrotoxic patients (unbroken lines) 

We found that m the thyrotoxic subjects, legaidless of whether dextrose or 
sodium pyiuvate was injected, the lactate of the blood rose to abnoimally high 
levels and was slow in letuimng to normal (chait 7) 

Foi four houis after the injection of dextiose the levels of diphosphothiamme 
and thiamine in the blood showed modeiate fluctuation Flowevei, the amount of 
these substances lemamed at definitely lowei levels in the thyiotoxic subjects than 
m the noimal peisons (chait 8) 

Effects of the Injection of De^hose and Magnesium — In older to study the 
effects of the decreased amounts of diffusible magnesium on the abnoimal pyruvic 

51 Wilkins, R W , Weiss, S , and Taylor, F H L The Effect and Rate of ^Removal 
of Pyruvic Acid Administered to Normal Persons and to Patients With and Without vitamin 
B Deficieney,” Ann Int Med 12 938, 1939 
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acid metabolism m thyiotoxic subjects, we saturated the patients with magnesium 
sulfate, repeated the dextiose injection and studied the resulting changes in the 
values for dextrose, pyruvate, lactate, free thiamine and diphosphothiamme in the 
blood 



Chart 8 — Thiamine {X — X) and diphosphothiamme (0 — 0) cuives (average) after the 
injection of dextrose in 5 normal subjects and 5 thyrotoxic patients 



Chart 9 — The marked effect of diphosphothiamme in one case (A) and of magnesium 
sulfate in another (S) in preventing the rise of pyruvic acid after the intravenous injection 
of 50 Gm of dextrose The unbroken lines indicate dextrose and the broken lines dextrose plus 
diphosphothiamme (A) and dextrose plus magnesium sulfate (,B) 



Chart 10 — The effect of magnesium sulfate in suppressing the diphosphothiamme curve 
after the injection of sodium pyruvate or dextrose In A the unbroken line indicates sodium 
pyruvate and the broken line sodium pyruvate plus magnesium sulfate In B the unbroken line 
indicates dextrose and the broken line dextrose plus magnesium sulfate 

One gram of magnesium sulfate in 50 per cent solution was given mtra- 
musculaily on the night preceding the test and again at 6 o’clock the next morning 
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Either 0 5 or 1 Gm was given intravenously immediately before the injection of 
dextrose One gram was given about thirty minutes later and again about ninety 
minutes after the dextrose The lesults weie compared with those obtained when 
dextrose alone was injected 

The magnesium was not found to have any effect on the sugar tolerance cuives 
of the thyrotoxic, myxedematous or noimal subjects It had a marked effect in 
preventing the rise in pyruvic acid content m 1 thyiotoxic patient (chart 9) and in 1 
patient deficient in vitamin B but no definite effect on the normal or the myxede- 
matous subjects It had a slight lowering effect on the blood lactate content of 
2 thyrotoxic subjects There was a tendency for the magnesium to elevate the 
diphosphothiamine and thiamine curves, although the reverse was true in 2 patients, 
as shown m the accompanjnng table In 1 thyiotoxic patient (chart 10), it was 
clear m three different experiments that the magnesium lowered the diphospho- 
thiamme level in the blood This effect lasted for only about forty-five minutes 
but another injection was found to lower the level again 

Effect of Magnesium and Diphosphothiamxnc 
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With 2 thyrotoxic patients the experiment was repeated, magnesium sulfate 
and 5 Gm of sodium pj^ruvate being administered iiiti avenously instead of dextrose 
The magnesium caused a more rapid disappearance of lactate than did pyruvate 
alone (chart 11) It also caused a slightly moie rapid disappearance of pyruvic 
acid 

Effects of the Injection of Dextiose and Diphosphothiamine — The dextrose 
experiments weie lepeated, and immediately after the dextrose was injected 
5 mg of diphosphothiamine was given intraA'^enously duiing a period of two 
minutes Samples of blood were taken at the following times duiing fasting and 
six, eight, fifteen, forty-five, ninety and one hundred fifty minutes and four hours 
after the injection of dextrose was begun The results were compaied with the 
ones obtained when dextrose alone was administered 

The diphosphothiamine had no effect on the blood sugar content in any subject 
It exerted a marked depressing effect on the pyruvic acid of 1 thyrotoxic patient 
(chart 9) and a slight effect on another thyrotoxic and 1 normal person It also 
tended to prevent the rise in the lactate of the blood of the 1 thyrotoxic subject 
tested 
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Effects of the Injection of Dexhose, Magnesium and Diphosphothiamine — The 
experiment was repeated, magnesium sulfate, dextrose and diphosphothiamine 
being given in the same manner as in the other expeiiments However, these 
substances had no effect on the dextrose tolerance curve of any patient except 
the one with vitamin Bi deficiency, in whom a lowering occurred In this patient, 
as well as in 2 thyrotoxic ones, there was less accumulation of pyiuvic acid in the 
blood than in the experiments in which dextrose alone was used In 2 thyrotoxic 
subjects the magnesium and diphosphothiamine tended to pi event some of the rise 
in lactate content 

Effects of the Injection of Diphosphothiamine — When 5 mg of diphospho- 
thiamine was given alone, intravenously, to 5 normal persons the pyruvic acid 
content of the blood rose from 0 3 to 0 8 mg per hundred cubic centimeters above 
the fasting level within eight minutes but began to decline within fifteen minutes 
and was normal m forty-five minutes However, of 3 thyrotoxic patients tested, 
111 1 the value for pyiuvic acid simulated the noimal, m 1 it rose from 1 3 mg 
to 2 mg per hundred cubic centimeters within fifteen minutes and remained there 
foi t\\ 0 and one-half hours, while m the third it was 2 5 mg per hundred cubic 
centimeters during fasting, dropped to 2 2 mg m eight minutes and gradually rose 



Chart 11 — The slight effect of magnesium on the diphosphothiamine (A) and pyruvate 
(B) curves and the marked effect on the lactate curve (C) after the administration of sodium 
pyruvate to 1 patient The unbroken lines indicate sodium pyruvate and the broken lines sodium 
pyruvate plus magnesium sulfate The diphosphothiamine is expressed in micrograms per 
hundred cubic centimeters and the pyruvate and lactate in milligrams per hundred cubic 
centimeters 

to the fasting level m the subsequent four hours The diphosphothiamine had slight, 
if any, lowering effect on the blood sugar content of either the normal or the 
thyrotoxic subjects 

Summary — Thus, magnesium and diphosphothiamine had definite effects on 
the levels of pyruvic acid, lactic acid, diphosphothiamine and thiamine in the blood 
The effects vaned in the diffeient patients, although the same type of response 
was obtained repeatedly in the same person 

THIAMINE IN THE TREATMENT OE THYROTOXICOSIS 

Means, Hertz and Lerman ° have observed that the administration of vitamin B 
impioves the clinical state of thyrotoxic subjects, although it does not have any 
definite effect on the basal metabolic rate Frazier and Ravdin have made 
similar observations They found that when the vitamin B complex was used, 
theie was a greater reduction in the pulse rate, a more rapid gam in weight and a 
shorter pieoperative period 
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During the last four years one of us (R H W ) has routinely prescribed 
brewers’ yeast, 5 Gm daily, and usually thiamine hydrochloride, 10 to 20 mg daily, 
for all thyrotoxic subjects observed The results confirm the ones described herein 
Furthermore, the patients were found to experience a distinct subjective improve- 
ment 

Mild vitamin deficiencies commonly occur m thyrotoxicosis, and occasionally 
one sees severe ones The latter tend to be resistant to treatment For example, 
one of us (R H W ) has observed 4 thyrotoxic patients with coexisting pellagra, 
2 with beriberi, one with neuritis and 2 with riboflavin deficiency, and to these 
patients it was necessary to give several times the dose of vitamins which one 
would have expected to give had they not had thyrotoxicosis 

To study this matter further we conducted thiamine balance studies with 5 
thyrotoxic patients In 4 of these patients the disease was mild, or moderate, and 
in the other it was severe Each patient was kept m a metabolism ward but spent 
only part of the time in bed The diets contained approximately 1 to 2 mg of 
thiamine Water was given as desired, and a record of the fluid intake and output 
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Chart 12 — Large amount of thiamine (milligrams) m the urine (cubic centimeters) in spite 
of the low thiamine and diphosphothiamine content (micrograms per hundred cubic centimeters) 
of the blood in 2 patients with thyrotoxicosis The dose of vitamin Bi was 10 mg of thiamine 
hydrochloride twice daily given parenteral ly 


was kept Total twenty-four hour specimens of urine were collected m 10 cc of 
glacial acetic acid, and determinations of the thiamine content were performed 
according to the method of Egana and Meiklejohn 

Durmg the first two days, 4 subjects showed a daily excretion of thiamine in 
the urine of over 80 micrograms, but the other showed only traces However, in 
spite of the fact that the urinary excretion of the vitamin was normal in 4 patients, 
the levels of diphosphothiamine and free thiamine m the blood were definitely low 
in each subject These patients continued to excrete thiamine m the urine daily 
in quantities of about 200 micrograms in spite of a low level of thiamine in the 
blood (chart 12) 

When 10 mg of thiamine hydrochloride was given parenteially twice daily it 
was found that after about six to ten days the thiamine content of the blood became 
normal However, 1 patient with hyperthyroidism was deficient after twelve 

52 Egana, E, and Meiklejohn, A P The Estimation of Thiamine in Urine, J Biol 
Chem 141 859, 1941 
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days of such treatment (chart 12), and in 2 of the others the thiamine returned 
to a deficient level when the diet was not supplemented with vitamin This 
constant tendency for thyrotoxic patients to become deficient is due not only to the 
rapid destruction of this vitamin but to its loss in large quantities m the urine, 
sweat and stools 

Hardt and Still have shown that when there is marked hyperhidrosis signi- 
ficant quantities of thiamine may be lost in the sweat Since sweating is so com- 
mon, and often maiked, in thyrotoxic patients, it is probable that this accounts 
partially for the deficiency in thiamine in these persons 

Light, Schultz, Atkins and Cracas have shown that when rats are m excretion 
equilibrium while receiving 15 or 515 micrograms of thiamine daily about 30 per 
cent IS excreted in the urine and about 25 per cent in the feces The total amount 
excreted in the feces increases in proportion to the intake Since in thyrotoxic 
subjects the motility of the gastrointestinal tract is abnormal and occasionally 
diarrhea is present, an increased fecal excretion of thiamine may be expected 

Just how much destruction of vitamin B^ occurs m thyrotoxic subjects is not 
known, but it is probably a large quantity owing to the increased metabolism 
Borsook and co-workers,®® using thiamine containing radiosulfur, have shown that 
a considerable quantity of injected thiamine is destroyed and excreted in the 
urine as neutral sulfur compounds and inorganic sulfate However, in addition 
to these degradation products there tend to be excess quantities of thiamine in the 
urine, as we have mentioned before This is due, as Borson has pointed out, 
somewhat to the marked diuresis shown by many thyrotoxic patients In the 
patients whom we studied the daily excretion of urine averaged from 1,800 to 
3,200 cc 

Ordinarily, as the body stores of thiamine become deficient, the quantity of 
this substance excreted in the urine becomes greatly reduced For example, as 
shown in chart 13, 2 normal persons on a normal diet had an average daily excre- 
tion of 70 and 50 micrograms of thiamine, lespectively However, when their 
diet was reduced sufficiently to reduce the blood diphosphothiamine to a low level, 
3 micrograms per hundred cubic centimeters, the urinary excretion of thiamine 
was less than 10 micrograms On the other hand, a thyrotoxic subject with the 
same low level of diphosphothiamine in the blood, 3 micrograms, excreted an 
average of 185 micrograms daily for four days It may be observed (chart 13) that 
the uiinary volume was about twice as great in the thyrotoxic patient as m the 
normal subjects 

In addition to the foregoing factors which contribute to thiamine deficiency 
in thyrotoxic patients, one must consider the storage capacity of the tissues m 
these patients Since this vitamin is stored in large part as diphosphothiamine, it 
IS important to know, first, how well they can carry out phosphorylation of thiamine 
and, second, how well they can store the vitamin after phosphorylation 

We observed from our balance studies that sufficient phosphorylation occurred 
m the patients to permit a normal level of diphosphothiamine to develop m the 
blood within a period of about ten days We also found that two minutes after 

53 Hardt, L L, and Still, E N Thiamin in Sweat, Proc Soc Exper Biol & Med 
48 704, 1941 

54 Light, R F , Schultz, A S , Atkins, L , and Cracas, L G The Excretion of Vitamin 
Bi in the Urine and Feces, J Nutrition 16 333j 1938 

55 Leong, P C Vitamin Bi in the Animal Organism II A Quantitative Study of the 
Metabolism of Vitamin Bi m Rats, Biochem J 31 373, 1937 

56 Borsook, H , Buchman, E R , Hatcher, J B , Yost, D M , and McMillan, E The 
Course of Thiamin Metabolism in Man as Indicated by the Use of Radioactive Sulfur Prnc 
Nat Acad Sc 26 412, 1940 
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the intiavenous injection of 5 mg of thiamine hydrochloride there was a marked 
rise m the diphosphothiamme content of the blood No doubt many patients with 
thyrotoxicosis have more hepatic damage than did the ones we were woiking 
with, but we have demonstiated that m patients with severe Laennec’s cirrhosis 
the phosphorylation of thiamine leadily takes place The liver is one of the main 
storehouses for thiamine Theiefoie, since one often finds evidence of hepatic 
damage, the quantity of thiamine available m the body is probably reduced 

While the studies on thiamine balance were being perfoinied on the patients 
previously mentioned as well as on 1 other patient, the basal metabolic rate and 
the weight of each patient were caiefully followed, but these tended to remain 
the same 

Since 1 thyi otoxic patient noticed a feeling of well-being and marked relaxation 
after an injection of magnesium sulfate, it was decided to observe the effect of 
this substance on the basal metabolic late She was given 1 Gni of magnesium 


MG 

B, IN 

DIET 

Q 

I 

|j 

A 

•» 


B 

m m 

T 

1 

1 

c 

’ 

1' 

li 

il 

il 

! 

MICR06RAMS 
PER 100 CC 
BLOOD 

10 

0 


■ 

-1 

_0_ R 


MICROORAMS 

URINE 100 
B, 

[F 

Ira 


1 

l! 

] 

L 


LITER 

20 

URINE 

VOLUME 

10 

n 


li 

n 

i 


1 

1 

'i 

itt 

,i| 

jl 



4 DAYS 

Chart 13 — A shows the values for 2 normal persons on a normal diet, B, the values for the 
same persons after they had been on a thiammc-deficient diet for several days (a diphospho- 
thiamine content of the blood of only 3 micrograms per hundred cubic centimeters and a daily 
excretion of thiamine in the urine of about 15 micrograms) , C, the values for a thyrotoxic patient, 
who had an equallj^ low diphosphothiamme content of the blood but excreted about 185 micro- 
grams daily Each of the broad columns represents an average daily value for an inter\al of 
four days The shaded blocks indicate diphosphothiamme and the clear portions thiamine 

sulfate mtramuscularl}' three times daily for six days No change in the metabolic 
rate was observed Similar treatment of a myxedematous patient likewise w^as 
found to have no appreciable effect 

SUMMARY AND CONCLUSIONS 

The interrelationship of cellular oxidations and the functions of the thyroid 
gland are discussed 

In the majority of a group of 40 unselected thyrotoxic subjects the levels of 
free thiamine and diphosphothiamme m the blood w^ere below normal and that of 
pyuivic acid was elevated In 5 of 7 of these patients the level of lactic acid was 
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elevated The thiamine deficiency was regarded as being due to the w^aste of this 
substance in the stools, sweat and urine, as well as to the excessive combustion 
of food Thyrotoxic patients tend to excrete relatively laige amounts of thiamine 
in the urine in spite of a deficiency of this substance m the blood The excessive 
excretion of thiamine in the urine is due partially to the diuresis which these 
patients experience It is possible that thyrotoxic subjects cannot store as much 
thiamine as normal subjects because of the often coexisting hepatic and muscular 
disease However, no impairment of the phosphorylation of thiamine was 
demonstrable 

During a period of four hours following the intravenous injection of 50 Gm 
of dextrose or 5 Gm of sodium pyruvate, the levels of pyiuvic acid and lactic 
acid m the blood remained distinctly higher in thyrotoxic subjects than in normal 
persons The response of the thiamine and diphosphothiamme in the blood varied, 
but these substances tended to remain at lower levels m thyrotoxic subjects than 
in normal ones 

Since patients with hyperthyroidism tend to have a decreased amount of 
diffusible magnesium and diphosphothiamme in the blood, the expeiiments with 
dextrose or sodium pyruvate were repeated immediately after 5 mg of diphospho- 
thiamme had been given or the patient had been saturated with magnesium sulfate 
These substances had essentially no effect on the blood sugar content but in some 
instances had a marked effect on the blood pyruvate and lactate 

Administration of thiamine hydrochloride is of distinct advantage as an adjunc- 
tive measure in the treatment of thyrotoxicosis 
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A MODIFIED TECHNIC FOR THE DETERMINATION 
OF SERUM BILIRUBIN 

A PRELIMINARY REPORT OE ITS CLINICAL USE 

B SEPULVEDA, M D 
Fellow m Medicine, Mayo Foundation 

AND 

ARNOLD E OSTERBERG, Ph D 

ROCHESTER, MINN 

In a previous paper we ^ presented a modified technic for the determination 
of serum bilirubin This technic possesses several technical advantages over the 
methods commonly in use and gives a more accurate evaluation of the concentration 
of the pigment Furthermore, by this method the direct and indirect fractions 
can be measuied separately In this paper the results obtained from the clinical 
application of the new technic will be presented 

The method was used in a study of the behavior of the serum bilirubin of 
four different groups of persons (1) noimal persons and patients without evi- 
dence of hepatic disease, (2) patients who had hepatic disease but no jaundice, 
(3) patients m whose cases the result of the determination of the concentration 
of serum bilirubin and the result of the bromsulfalem test of hepatic function did 
not agree as to the presence of probable or proved hepatic disease and (4) patients 
who had parenchymatous, obstructive oi hemolytic jaundice The third group 
was included in order to study the correlation between the results of the broin- 
sulfalein test and the values of indiiect-reacting bihrubm in a small number of 
cases in which hepatic disease was suspected or proved to be present 

VALUES FOR BILIRUBIN IN THE SERUM OF NORMAL PERSONS AND 
PATIENTS WITHOUT DISEASE OF THE LIVER 
The concentrations of bilirubin in the serum of 22 healthy technicians, nurses 
and physicians and in that of 63 patients who did not present clinical or 
laboratory evidence of hepatic disease were determined Bilirubin giving the 
direct van den Bergh reaction was not found in the serum of any person in these 
two groups The percentage incidence of each of the various concentrations of 
bilirubin giving the indirect van den Bergh reaction is shown in table 1 The 
concentrations varied from 01 to 0 8 mg per hundred cubic centimeters of 
serum, but it should be emphasized that the values for bilirubin giving the indirect 
reaction were less than 0 6 mg pei hundred cubic centimeters in 95 5 per cent 
of cases 

VALUES FOR SERUM BILIRUBIN IN CASES OF HEPATIC 
DISEASE WITHOUT JAUNDICE 

Values for serum bilirubin in 23 cases of disease of the liver without jaundice 
were determined (table 2) There were 12 cases of cirrhosis of the liver, 5 cases 
of myocardial failure and 6 cases of metastatic involvement of the liver Bilirubin 
giving the direct van den Bergh reaction was not detected in any of these cases 
In 10 of the 23 cases the concentration of bilirubin in the serum was more than 

From the Division of Biochemistry, Mayo Clinic (Dr A E Osterberg) 

In this study Miss Elizabeth Maclay gave much technical assistance 
1 Sepulveda, B , and Osterberg, A E Serum Bilirubin A Procedure for the Determi- 
nation of Indirect and Direct Values, J Lab & Chn Med , to be published 
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the upper limit (0 8 mg per hundred cubic centimeters) of the range encoun- 
tered m normal persons and patients who did not have hepatic disease It was 
within the range (01 to 0 8 mg per hundred cubic centimeters) found for persons 
without hepatic disease in the remaining 13 cases but the values in 11 of the 13 
cases fell within the upper part of the range (0 6 to 0 8 mg per hundred cubic 
centimeters) m which only 4 5 per cent of the values for persons without hepatic 
disease fell In only 2 of the 23 cases were the values within the range (0 1 to 
0 5 mg per hundred cubic centimeters) of values m which 95 5 per cent of the 
values for persons without hepatic disease fell Concentrations of bilirubin of 
more than 0 8 mg per hundred cubic centimeters of serum are definitely abnormal , 
those of more than 0 5 mg may be and probably are elevated above normal Hepatic 
disease apparently may cause retention and increased concentration of bilirubin 
giving the indirect van den Bergh reaction without the appearance in the serum of 
bilirubin giving the direct reaction 


Table 1 — Concent) ations of Bdtrubi)i Gtvmg the Indirect van den Bergh Reaction in the 
Set unis of Eighty-Fwe Persons Without Hepatic Damage* 


Bilirubin, Mg per 100 Cc 

Percentage of 85 Cases 

01 

93 

02 

116 

03 

22 0 

04 

27 9 

06 

244 

06 

23 

07 

11 

08 

11 


* In 45 cases of this senes the bromsulphalein test was carried out and gave negative results 


Table 2 — Concent) ations of Bilvubm Giving the Indued van den Beigh Reaction in the 
Serum in Twenty-Three Cases of Disease of the Liver in Which Biliiubm 
Giving the Dnect Reaction Was Not Present 


Bilirubin, Mg per 100 Cc 

Oases 

0 0 to 0 2 

1 

0 3 to 0 4 

1 

0 5 to 0 0 


0 7 to 0 8 

11 

0 9 to 1 0 

4 

11 to 12 

3 

1 3 to 1 4 

1 

1 6 to 1 0 

2 


In the normal state the balance between the production of bilirubin and its 
excretion by the liver is constant The concentration of bilirubin in the serum 
of a normal person remains low and fluctuates in a narrow range This balance 
between production and excretion of bilirubin is altered by a rise of the level 
of bilirubin giving the indirect van den Bergh reaction in two types of disorder 
The first is hemolytic jaundice in which the overproduction of bilirubin giving the 
indirect reaction surpasses the excretory capacity of the liver The second is 
hepatic damage In this condition the formation of pigment is within normal 
limits but its excretion by hepatic cells is impaired The increased quantity of 
serum bilirubin giving an indirect van den Bergh reaction in hemolytic conditions 
IS well known, but little attention has been called to this increase in cases of 
hepatic injury 

Rozendaal, Comfort and Snell, ^ using the Thannhauser and Andersen technic 
for the determination of bilirubin in the serum, have reported the elevation of 
values for b ilirubin giving the indirect reaction in cases of hepatic damage similar 

2 Rozendaal, H M , Comfort, M W, and Snell, A M Slight and Latent Jaundice 
JAMA 104 374-379 (Feb 2) 1935 ’ 
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to those we studied The new technic foi the deteimination of values for bilirubin, 
which permits accurate measurement of small increases, provides definitely greatei 
diagnostic possibilities from the study of bilirubin giving the indirect reaction than 
did the Thannhauser and Andersen technic This study and our studies point 
to the possibility, and additional studies may prove, that an increase in the con- 
centration of bilirubin giving an indirect reaction to more than 0 8 mg and pos- 
sibly to more than 0 5 mg (modified technic) per hundred cubic centimeters of 
serum is an indication of injury to the liver when the lelatively lare hemohtic 
and the familial tj'pe of jaundice have been excluded 

IS IT POSSIBLE THAT AN ELEVATION OE INDIRECT BILIRUBIN REVEALS 
HEPATIC DYSFUNCTION WHEN THE BROMSULPHALEIN TEST 
OF HEPATIC FUNCTION DOES NOT’ 

In order to obtain an answer to this question, deteiminations both of the 
concentration of bilirubin and of the retention of dye in the bromsulphalem test 
of hepatic function were made in a series of cases in which hepatic damage was 
suspected oi pioved In none of these cases was bihiubin giving the direct van 


Table 3 — Values foi Indii cct-Rcactiug Biltiubm m Niue Cases m Winch the Bi omstilphalcm 
Test of Hepatic Function Was Negative foi Retention and Dncct- 
Rcacting Biltiubin Was Not Picsent 



Bilirubin 


Indirect Reaction, 

Diagnosis 

Mg per 100 Cc 

Carcinoma of ll^er 

09 

Chronic alcoholism 

08 

Indeterminate splenomegaly 

07 

Residual infection of biliarj tract 

00 

Chronic alcoholism 

08 

Chronic hepatitis 

08 

Gout 

08 

Myocardial failure 

07 

Chronic alcoholism 

1 2 


den Bergh reaction present In about half of the cases in this group the brom- 
sulphalein test did not disclose retention of dye, these are listed in table 3 In the 
other half of the group the bromsulphalem test i evealed retention of dye and hepatic 
dysfunction, and these are listed in table 4 

In all the cases listed in table 3 the concentration of bilirubin was more than 
0 6 mg per hundred cubic centimeters of serum, that is, above the range of values 
(01 to 0 5 mg , inclusive, per hundied cubic centimeters) encountered in 95 5 per 
cent of persons who did not have hepatic disease In 3 of the 9 cases listed in 
table 3 the values were above the upper limit (0 8 mg ) of the values of persons 
without hepatic disease In short, while the values for bilirubin were not greatly 
elevated, they weie definitely within the range indicating retention of bilirubin 
and possible hepatic damage, as was suggested by clinical appraisal in most of 
these cases The bromsulphalem test, however, failed to disclose hepatic damage 
In the cases listed in table 4 the values for bilirubin were within the range (0 1 to 
0 5 mg , inclusive, per hundred cubic centimeters of serum) of 95 5 per cent of 
persons without hepatic disease and did not suggest hepatic damage, while the 
bromsulphalem test disclosed retention of dye as was expected from clinical appraisal 
in most of the cases 

It IS clear that the two functions of the liver, the excretion of bilirubin and 
that of dye, do not behave m a parallel fashion and that bilirubin may be retained 
in the serum by damage to the liver when dye is not and vice versa While 
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Snell and Magath ^ have shown that the broinsulphalein test is one of the most 
reliable tests of hepatic function in the absence of jaundice, it has been recognized 
that the test fails at times to reveal damage to the liver The determination of 
the concentration of indirect-reacting bilirubin may prove to be a valuable acces- 
soiy to the bromsulphalem test in the detection of damage of the liver m cases 
m which jaundice is not encountered and the direct-reacting bilirubin is not 
present 

VALUES OF BILIRUBIN IN CASES OF VARIOUS TYPES OF JAUNDICE 

Values for bilirubin giving both the direct and the indirect van den Bergh 
reaction were determined in 25 cases of intrahepatic jaundice, 40 cases of obstruc- 
tive jaundice, 8 cases of congenital hemolytic icterus, 1 case of so-called familial 
jaundice and 1 case of pernicious anemia with jaundice Bilirubin giving the 


Table 4 — Values for Indued Reading Btliiubin tn Ten Cases tn Which the Bromsulphalem 
Test of Hepatic Function Showed Function to Be Abnoimal and 
Dll ect-Reacting Btliiubin Was Not Piesent 



Biiirubm, 

Bromsuiphalein 


Indirect Reaction, 

Test, 

Diagnosis 

Mg per lOO Cc 

Grade * 

Chronic alcoholism 

04 

2 

Chronic alcoholism 

05 

1 

Gout 

04 

1 

Inoperable gastric carcinoma 

0 0 

1 

Hyperthyroidism 

05 

1 

Chronic alcoholism 

03 

2 

Abdominal carcinomatosis involving liver 

02 

2 

Chronic alcohoiism 

03 

1 

Gastric carcinoma, liver metastasis (?) 

03 

3 

Gout 

03 

2 


* Grading is on a basis of 1 to 4 m which 1 indicates minimal and 4 maximal retention of dye 


Table 5 — Companson of Values for Serum Bilirubin in Cases of Inti ahepatic and 

Cases of Obstructive Jaundice 


Bilirubin, Mg per 100 Cc 

< , 

Direct Reaction Indirect Reaction 

^ , , ' , 

Cases Range Average Range Average 

Intrahepatic jaundice 26 19 70 0 14 7 0450 18 

Obstructive jaundice 40 1 2 93 0 18 6 01-100 1 9 


indirect reaction only was found in the cases of hemolytic jaundice by the new 
modified technic, while in 5 of these cases the van den Bergh reaction was reported 
direct when the Thannhauser-Andersen technic was used The not infrequent 
confusion in diagnosis arising from such falsely direct van den Bergh reactions 
IS eliminated by the modified technic used in this study 

Bilirubin giving both the indirect and the direct van den Bergh reaction was 
measuiable in every case of intrahepatic and every case of obstructive jaundice 
The ranges of values and the average values for both tests of bilirubin m the 
cases of intrahepatic and the cases of obstructive jaundice are given in table 5 
Several investigators, including Varela Fuentes and Viana,^ Bengolea, Velasco 
Suarez and Raices ° and Franke,® among others, have stated that the separate 

3 Snell, A M, and Magath, T B The Use and Interpretation of Tests for Liver 
Function, JAMA 110 167-174 (Jan 15) 1938 

4 Varela Fuentes, B , and Viana, C Les bilirubines, directe et indirecte du serum dans 
les icteres aigus febriles et dans les icteres chroniques, Compt rend Soc de biol 116 1187- 
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determination of bilirubin giving the diiect and of bilirubin giving the indirect 
leaction is useful in the differential diagnosis of obstructive and of mtrahepatic 
jaundice These authors assumed that the damage to the hepatic parenchyma 
impaiied the excretion of bilirubin and laised the concentration of this fraction in the 
serum more than obstructive jaundice We have been unable to confirm their results 
with our new technic In our cases, obstruction of the common bile duct raised 
the average concentration of bilirubin giving the indirect reaction to 1 9 mg per 
hundred cubic centimeters, while pai enchymatous damage to the liver raised the 
average concentration to 1 8 mg These average concentrations are so similar 
that a differential diagnosis between the two types of jaundice could not be made 
on this basis m our cases Heilbrun and Hubbard ~ have reported results similar 
to ours In our studies, moreover, the highest concentration of bilirubin giving 
the indirect reaction was found in a case of obstructive jaundice, not in a case 
of mtrahepatic jaundice The similarity of behavior of bihiubm giving the indirect 
reaction in the two types of jaundice may be due to the fiequent appearance of 
parenchymatous damage secondaiy to the obstruction The diagnostic importance 
of the concentration of indii ect-reacting bilirubin deserves more study in a larger 
number of cases 

SUMMARY AND CONCLUSIONS 

A preliminary leport of the clinical use of a new technic for the determination 
of bilirubin in the serum has been made 

The concentiations of bilirubin m the seium of normal peisons and of patients 
who did not have hepatic disease ranged from 01 to 0 8 mg per hundred cubic 
centimeters of serum The concentiations were 0 5 mg or less in 95 5 per cent 
of these persons The van den Bergh reaction of the serum of all these persons 
was indirect 

Values for bilirubin giving the indirect van den Bergh reaction may be slightly 
elevated in cases of hepatic disease without jaundice in which serum bilirubin 
giving the direct van den Bergh reaction is not found, and this rise apparently 
may indicate hepatic damage when hemolytic jaundice is excluded The values 
may be elevated when the bromsulphalem test of hepatic function does not disclose 
dysfunction of the liver, and the new technic apparentl) may indicate hepatic 
dysfunction when the bromsulphalem test does not 

The concentration of bilirubin giving the indirect van den Bergh reaction is 
increased in obstructive and in mtrahepatic jaundice as well as m hemolytic 
jaundice The average concentration of bilirubin giving the indirect van den 
Bergh reaction in our cases of obstructive jaundice was similai to that in our 
cases of mtrahepatic jaundice The highest concenti ation of bilirubin giving the 
indirect van den Bergh reaction in our series was 10 mg per hundred cubic 
centimeters of serum and was found in a case of obstructive jaundice, whereas 
the highest concentration in a case of mtrahepatic jaundice was 5 mg From 
our study it appeal s that the difference m the height of the concentration of bilirubin 
giving the indirect van den Bergh reaction in obstructive and in mtrahepatic 
jaundice is not sufficiently distinctive to aid in the differential diagnosis of these 
two types of jaundice 

5 Bengolea, A J , Velasco Suarez, C, and Raices, A E El dosaje de la bilirrubina 
directa e indirecta en el suero sanguTneo Su importancia en cirugia hepato-biliar, Prensa med 
argent 23 85-102 (Jan 8) 1935 

6 Franke, K Klinische und lebendniikroskopische Untersuchungen der gestorten Leber- 
funktion II Gallenfarbstoffuntersuchungen bei Lebererkrankungen mit Ikterus, Ztschr f klin 
Med 130 193-221 (March) 1936 

7 Heilbrun, N , and Hubbard, R S Measurement of Chloroform-Soluble Fraction of 
Bilirubin m Persons with Jaundice and Its Significance, J Lab & Clin Med 26 576-581 
(Dec) 1940 



MILESTONES IN THE DIAGNOSIS AND TREATMENT 

OF GOUT 

E NEUWIRTH, MD 

NEW YORK 

Gout IS one of the oldest diseases recorded A description of it is found as 
early as the fifth century B C in the wntings of Hippocrates ^ Despite its antiquity, 
there is much that is still unknown The term gout is derived from the Latin 
gutta, a drop According to Antonius Guainerius,^ of the faculty of Pavia (fifteenth 
century), gutta signifies a humor that trickles downward from the head on some 
internal organ It also indicates an articular pain, because the humor enters the 
joints in a manner resembling raindrops dripping from trees and housetops The 
Greeks called gout irohaypa (a trap), because it grips the patient’s foot as a trap 
grips the foot of an animal ^ 

The first use of the term gutta to designate gout is erroneously credited to 
Ralph Booking (Radulphus),^ who about 1270 wrote a biography of St Richard 
of Wyche, bishop of Chichester, England Booking, who was the confessor of the 
bishop, mentioned a servant m the latter’s household who was cured of his gout 
{gutta quam podagram vel artehcam vacant) by donning the bishop’s boots 
However, the word gout appeals in earlier writings Geoffroi de Villehardouin,® 
the famous French historian, used it in his “Histoire de I’empire de Constantinople 
sous les empereurs frangois,” written between 1207 and 1212 The author related 
that the count Hugues de Saint Paul had “a grand malady of gout” {xine giant 
maladie de gate) m his feet and knees and that he died of it Physicians m medieval 
times weie reluctant to use the term ° Nevertheless, it does appear m the learned 
woiks of prominent members of the Medical School of Saleino m the twelfth 
century In a prescription from the anhdotanum of Nicolaus Salermtanus ’’ it 
IS stated that hene dicta, which contains hermodactyl as an ingredient, is of value 
for arthiitic gout and podagra Archimataeus, another member of the Saleino 
school m the twelfth century, wrote 

Gutta in diversis locis nascitur, sed maxime in lunctuns et cubitis, anchis, genibus, et 
articulis manuum, genuum et pedum, et dicitur gutta quia de humoribus paulatim et guttatim 
ad partes illas reumatizantibus habet fieri « (Gout [gutta] occurs in various parts of the body 
but chiefly in the joints, in the elbows, in the hips, in the knees and in the joints of the hands and 

1 Hippocrates The Genuine Works of Hippocrates, translated from the Greek by 
Francis Adams, New York, W Wood & Co , 1886 

2 Guainerius, Antonius De junctuns sive de arthretica et calculosa passione commen- 
tariolus, in Opera Medica, Pavia, Antonius de Carchano, 1481 

3 Lucianus Podagra tragice, in Sennert,23 pp 967-970 

4 Booking, R, in Acta sanctorum Aprilis, Collecta, digesta, illustrata a Godefrido 

Henschenio et Daniele Papebrochio e Societate lesu, Antwerp, apud Michaelem Cnobarum 
1675, book 1 ’ 

5 Villehardouin, G Histoire de I’empire de Constantinople sous les empereurs frangois, 
edited by Charles du Fresne du Cange, Pans, Imprimerie Royale, 1657 

6 Delpeuch, A La goutte et le rhumatisme. Pans, G Carre & C Naud, 1900 

7 Nicolaus Salermtanus Antidotanum, Pavia, Franciscus de Sancto Petro, 1478-1479 

8 Archimataeus De instructione medici secundum Archimathaeum, in Collectio salerni- 
lana, Naples, publicati a euro di Salvatore de Renzi, 1859, vol 5, pp 333-349 
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the feet The disease is called gout because it is caused by rheumy humors that flow slowly 
and drop by drop to the parts mentioned ) 

For treatment, the author recommended pills containing hermodactyl, i e , 
Colchicum autumnale, or meadow saffron ” 

Thomas Sydenham^'’ (1624-1689), whom Trousseau styled “the English 
Hippocrates,”^^ represents the fiist milestone that looms high on the crossroads 
between the old knowledge of gout and the new It w^as he wdio recognized gout 
as a clinical entity and clearly distinguished it from other forms of arthritis and 
from rheumatism This w^as, indeed, a remarkable advance that becomes all the 
more impressive when one realizes that even the celebrated Boerhaave,^- who 
died fifty years after Sydenham, failed to make any clear and definite distinction 
between gout and arthiitis 

Sydenham gave a coloiful and dynamic desciiption of the attack of acute gouty 
arthritis He said that the fit thunders on the patient usually w'lthout warning 
about 2 o’clock in the morning, seizing the great toe, the heel or the ankle The 
pain IS like that caused by a dislocated bone or the gnawung of a dog and is not 
relieved by position or w'armth The affected part is unable to bear the weight 
of the clothes on it or the "hard w'alking in the chamber ” The part is sw^ollen 
and hot , the veins are engorged The complete symptomatic recovery that follows 
the acute arthritic episode is expressed in these words “Within a few days the 
other Foot wull be in pain as the former was , and if the former has left off aking, 
the Weakness which rendied it infirm wull presently vanish. Strength and perfect 
Health being so presently restoi ed, as if it never had been out of order ” 

Such an acute attack of articular gout may last from a few days to a w'eek or 
more After an asymptomatic mten'al of wrecks, months or, generally, one or 
more years, the attacks lecur involving the same or other joints Such recurrent 
attacks of acute arthritis appearing suddenly, developing swuftly and disappearing 
rapidly and completely affoid a most valuable clue in the diagnosis of “pre- 
tophaceous” oi presumptive gout One of the reasons that gout remains unrecog- 
nized in so many cases is the insistence on the presence of podagra, i e , acute 
involvement of the metatarsophalangeal joint of the great toe Although this occurs 
in the majority of the cases in the original attack of the disease, any joint of the 
foot or other part of the body may be affected at the onset Even in late seizures, 
wdiich are usually polyarticular, podagra may be absent 

Early attacks of gout are usually monarticular, but exceptions are not uncom- 
mon, the disease may involve several joints even at the onset Acute attacks 
of gout wuth involvement of multiple joints, especially when they occur m younger 
pel sons and are acompanied by fevei, leukocytosis and an increased sedimentation 
late, are often mistaken for iheumatic fever The absence of heart disease, tachy- 
cardia and nosebleeds favors the diagnosis of gout Another differential point 
IS the peeling of the skin over affected joints following subsidence of inflammation 

9 The use of the word gutta goes far beyond the twelfth centurj" Thietmar, Bishop of 
Merseburg (976-1018), employed it “Fuit ohm Godescalki abbatis quidam monachus nomine 
Aloricus cui in capite suo multum nocuit migraena, aut ex gutta, aut ex vermibus” (Thietmari 
merseburgensis episcopi chromcon, in Monumenta Germaniae lustonca, Scriptures rerum 
Germanicarum, Berlin, 1935, new series, book 9) 

10 Sydenham, T The Whole Works of That Excellent Practical Physician, Dr Thomas 
Sydenham, translated from the Latin by John Pechy, London, R Wellington & E Castle, 1696 

11 Trousseau, cited by Llewellyn 

12 Boerhaave, H Aphorisms Concerning the Knowledge and Cure of Diseases, translated 
fiom the Latin edition by J Delacoste, London, Innys & Hitch, 1742 
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This IS seen in gout and not in rheumatic fevei Postoperative flai e-ups of iheu- 
matic fever appear later , those of gout, earlier 

Other conditions from which acute gouty arthritis has to be differentiated aie 
the following gonorrheal, acute tiaumatic, rheumatoid and suppurative arthritis, 
intermittent hydrarthrosis, acute bursitis and septic cellulitis The clinical 
course characteiistic of early gouty arthritis, i e recuirent attacks and complete 
symptomatic recoveries, and the prompt favorable i espouse to the early admin- 
istration of full doses of colchicum should offer no difficulty in establishing the 
diagnosis of gout A high concentration of urates in the blood and a family history 
of gout are additional corroborative diagnostic aids 

Not mfiequently acute attacks of gout are provoked by major oi minor tiaunia, 
opeiative piocedure, overuse of joints, exposuie to cold and damp, inoidmate drink- 
ing, overeating, hunting or fishing expeditions, hiking, treatment at a spa, excessive 
sexual indulgence, mental strain, emotional stress, ingestion of drugs (mersalyl,^® 
eigotamme tartrate,^^ liver extract,^® gold,^^ dehydrochohc acid and thiamine 
hydrochloiide purging, severe hemorrhage or tiansfusion This should be home 
in mind in obtaining the histoiy of a person with acute arthritis Other conditions 
often preceding acute gouty attacks are renal colic and olecranal bursitis The 
diagnosis of gout should be entertained if, in addition, the history reveals that the 
attack occurred during the early spring or fall, appeared suddenly in the eaily 
morning hours and involved a distant joint (feet, ankles, hands or wrists), espe- 
cially the great toe The spine, shoulders and hips are rarely affected Bald, 
obese men of ruddy complexion-® and in the fourth or fifth decade of life aie 
particularly prone to have this disease (gout is uncommon m women and m young 
persons) A combination of the features desciibed is almost pathognomonic of 
gout 

The diagnosis of advanced gout is not difficult Aftei repeated acute seizuies 
for many years, mtra-aiticular structural changes develop and chronic arthritis, 
with peimanent distortion of the joints and occasionally ankylosis, ensues At 
this stage theie is usually an elevated concentration of mates in the blood, topha- 
ceous deposits of sodium urate crystals are present and frequently punched-out 
aieas of osseous erosion may be levealed in the roentgenograms of the feet and 
hands This stage is not reached, however, befoie ten or twelve years If one 
were to wait for the development of these classic changes before making a diag- 
nosis of gout, much valuable time would be lost during which the institution of 

13 Ludwig, A O , Bennett, G A , and Bauei , W A Rare Manifestation of Gout 
Widespiead Ankylosis Simulating Rheumatoid Arthritis, Ann Int Med 11 1248-1276 (Jan ) 
1938 

14 Hench, PS A Clinic of Some Diseases of Joints, M Clin North America 19 
551-583 (Sept) 1935, Comments on the Diagnosis and Management of Gout m Certain 
Parts of the United States, Proc Staff Meet, Mayo Clm 12 262-269 (April 28) 1937, 
Diagnosis and Treatment of Gout and Gouty Arthritis, JAMA 116 453-459 (Feb 8) 
1941 

15 Price, N L Gout Following Salyrgan Diuresis, Lancet 1 22-23 (Jan 7) 1939 

16 (a) Deitrick, J E The Association of Congenital Hemolytic Icterus and Gout, 
Internat Clm 3 264-277 (Sept) 1940 (h) Opsahl, R Hematopoiesis and Endogenous Uric 
Acid, Acta med Scandinav 102 611-628, 1939 

17 Pringle, G L K Discussion on the Skin Manifestations in Rheumatism and Gout 
Proc Roy Soc Med 31 712-715 (April) 1938 

18 Bowers, J M Gout, Northwest Med 27 284-288 (Sept ) 1938 

19 Vorhaus, M G , and Kramer, M L Studies on Thiamin Chloride, Tr Am Theran 
Soc 38 109-115, 1938 

20 Kiiiell, J , and Haden, R L Gout A Review of Sixty-Two Cases, M Clm North 
America 24 429-441 (March) 1940 
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appropriate therapy might result in the postponement of serious renal, cardio- 
vascular and cerebrovascular complications Gout is more common in the United 
States than is generaly supposed,*^ but unfortunately the disease remains unrecog- 
nized for many years In 40 cases reported from the Mayo Clinic, the average 
duration was fifteen yeai s 

Sydenham stated the belief that gout was caused by some “morbifick” matter 
and that the attacks represented nature’s way of disposing of the evil substance 
by removing it into the joints For this reason he did not approve of attempts 
to check the acute attack and to curb the natural development of the disease 
Boerhaave wrote 

Nothing can be more prejudicial in tins Disease than to hinder the matter of the Gout 
from flowing freely to its proper Places For if the same be retained and hindered, it 

creates Apoplexies, Palsies and many more wonderful and often suddenly mortal 

Diseases They’ll not give way unless you bring on a new and smart Fit of the Gout 

Meade ““ expressed this idea m an epigram “Gout is the only cure of gout ” 
This view goes back to Hippocrates, who taught that organisms are their own 
physicians No wonder Emperor Charles V said “Patience and some crying 
are tlie best drugs for gout ” 

Garrison wrote that Sydenham “stood apart from all medical theorizing and 
scientific experimentation of his time, disregarded all his predecessors except 
Hippocrates He loiew nothing of Vesalius, Harvey and Malpighi His four 
favorite books were Hippocrates, Cicero, Bacon, and Don Quixote ’’ It seems, 
however, that another book should be added to Sydenham’s library, a book no one 
ever mentions, much less praises “ This excellent volume is called “Tractatus de 
arthritide, it was published m 1631, at which time Sydenham was 7 years old 
The author was Daniel Sennert (1572-1637), called by his contemporaries a second 
Galen Sennert stated the belief that the cause of gout is a morbid humor within 
the blood vessels resembling the nature of spirits or salts and produced by the 
liver, spleen and stomach “Call it bile, pituite, bile mixture, salt, tartar, or 
whatever pleases you, I consent, provided the thing is well explained,” wrote 
Sennert 

It was not until two hundred years later that more was learned about the 
“morbifick” matter mentioned by Sydenham, the substance for which Sennert 
had no name In 1848, Alfred Baring Garrod reported that the blood of gouty 
persons contains abnormal quantities of uric acid in the form of sodium urate and 
that this is due to the inability of the kidneys to excrete uric acid He expressed 
the view that gout results from lenal insufficiency Although knowledge regard- 
ing the role of the kidneys in gout is still inadequate, it is believed that defective 
renal function is the result rather than the cause of gout 

Garrod’s discovery marks another milestone of overwhelming importance on 
the road to the newer knowledge of gout It stimulated extensive research into 

21 (a) Cohen, A Gout, Am J M Sc 192 488-493 (Oct) 1936, Gout Among 
Arthntics, Pennsylvania M J 41 1100-1104 (Sept) 1938 (&) Hench^'* Kinell and Haden-® 
Vorhaus and Kramer 

22 Meade, cited by Llewellyn 

23 Sennert, D Opera, Lugduni, lo Antomus Huguetau and Alarms Antomus Ravaud, 

1666, book 4 , iir -d 

24 Garrison, F H An Introduction to the History of Aledicme, ed 4, Philadelphia, W B 

Saunders Company, 1929 , t>i ^ 

25 Garrod, A B Observations on Certain Pathological Conditions of the Blood and 
Urine in Gout, Rheumatism and Bright’s Disease, Med -Chir Tr , London 31 83-97, 1848 , 
The Nature and Treatment of Gout and Rheumatic Gout, London, Watson & Maberly, 1859 
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the biochemistry of the disease However, it is a pity that therewith the problem 
of gout was transferred from the ward to the laboratory, where it still remains 
In 1776, Scheele,^® a Swedish chemist, demonstrated uric acid in urinary calculi 
Twenty-one years later, William Hyde Wollaston analyzed the material obtained 
from tophi and found that it contained lithic or uric acid Prior to this, tophi 
were believed to be made up of chalk and were called chalk stones This trend 
of research was brought about by the belief that there is a close relationship 
between gout and urinary calculi because both conditions often occur simultaneously 
in the same person Sydenham,^® who himself suffered from both diseases, aptly 
remarks that “gout breeds the stones in very many ” 

To demonstrate urate in the blood, Garrod devised a simple method known 
as the “thread experiment ” Sodium urate, when present in excess in the blood, 
will crystallize and adhere to a thread placed m the serum If the amount of 
urate is normal, ciystals will not form Some authorities still prefer the crystal- 
lographic method of demonstrating blood urates to chemical methods The normal 
value foi urates determined by the Fohn (1930) method varies from 2 to 4 5 mg 
per hundred cubic centimeters of whole blood It has been suggested that estima- 
tions of urates be carried out on serum derived from blood allowed to clot under 
oil With this technic, Jacobson found a serum urate level exceeding 6 mg 
per hundred cubic centimeters in almost all his gouty patients The implication 
appears to be that high values for serum urates are practically always present in 
established gout In the experience of others, however, the concentration of 
blood urates may be normal even m patients with tophaceous gout Hyper- 
uricemia IS infrequent, especially in the early years of the malady On the other 
hand, an elevated level of blood urates cannot be considered pathognomonic of 
gout, because it occurs in a variety of other diseases, such as pneumonia, leukemia, 
polycythemia, renal insufficiency and acute infections 

The cause of hyperuricemia in gouty subjects is unknown Increased forma- 
tion,®^ diminished destruction and deficient excretion of urates have been incrim- 
inated As yet no convincing evidence has been furnished to lend solid support 
to any of these hypotheses Destruction of nuclear material, the mother substance 
of uric acid, is not increased in gout, nor does uncolysis occur in human subjects ®® 
Since the observations of Garrod, it has been claimed again and again that the 
excretion of urates is retarded by some renal condition causing their retention 
and accumulation in blood, tissues and joints Points against the renal origin of 
gout are 1 Patients with glomerulonephritis and associated hyperuricemia do 

26 Scheele, K W Chemical Essays, translated by T Beddoes, from the Transactions of 
the Academy of Sciences at Stockholm, London, J Murray, 1786, essay IX 

27 Wollaston, W H On Gouty and Urinary Concretions, Phil Tr 2 386-400, 1797 

28 Weil, M P Considerations sur la goutte aigue, sa frequence, les tests de Garrod, ses 
formes cliniques, son evolution radiologique, Ann med -chir 4 45-53, 1939 

29 Jacobson, B M The Unc Acid in the Serum of the Gouty and of Non-Gouty Indi- 
viduals Its Determination by Folm’s Recent Method and Its Significance in the Diagnosis 
of Gout, Ann Int Med 11 1277-1295 (Jan) 1938 

30 Jacobson Ludwig, Bennett and Bauer 

31 (o) Gibson, H J, and Kersley, G D Gout, M Press 196 353-361 (April 27) 1938 
(6) Kinell and Haden 

32 Talbott, J H , and Coombs, F S Metabolic Studies on Patients with Gout, JAMA 
110 1977-1982 (June 11) 1938 Talbott, J H , Jacobson, B M, and Oberg, S A The 
Electrolyte Balance m Acute Gout, J Clm Investigation 14 411-421 (July) 1935 

33 Thannhauser, S J Lehrbuch des Stoffwechsels und der Stoffwechselkrankheiten 
Munich, J F Bergmann, 1929 Thannhauser, S J , and Hemke, W Besteht bei Gicht eine 
funktionelle Storung der Harnsaureausscheidung? Klin Wchnschr 2 65-67 (Jan 8) 1923 
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not have gout 2 Laige numbers of gouty patients do not present evidence of 
anatomic renal lesions 3 Urates aie abundantly excieted at the height of and 
immediately after acute attacks of gout The possibility of a functional renal 
disturbance causing an insufficient elimination of mates only has been offered 
as a leason for the high concentration of urates in the blood and the evolution 
of gout^“ It has been suggested lecently that a functional disturbance of the 
vegetative nervous system involving renal innervation may have etiologic signifi- 
cance in the disease Another theory is that congenital oi acquired difficulty 
m the elimination of purines because of loss of the power to conjugate them suitably 
may be the cause of hyperuricemia in gouty patients Recent studies fail to 
disclose diffei ence in ui ate clearance in gout}'^ and in nongouty pei sons 

Widespiead opinion holds gout to be an expression of disturbed purine metab- 
olism But 111 gouty patients theie is no break or flaw m the chain of intermediary 
purine metabolism®® The aminopuiines, adenine and guanine, are deaminated 
to hypoxanthine and xanthine, which, in tuin, aie oxidized to uric acid Hence, 
line acid is regarded as a by-product of normal metabolic processes 

According to Garrod,®"' acute attacks of gout> arthritis are caused by pre- 
cipitation of sodium urate crystals in and around joints Blowever, it does not 
seem that uiic acid is involved m piovoking acute attacks At least, the hyper- 
uiicemia caused by retention, m acute or chronic nephritis, or by excessive forma- 
tion of uric acid, as in leukemia, does not invoke attacks of acute arthritis 
Furthermore, injection of uiates into \eins or body tissues is painless , such injection 
does not provoke acute articular exacerbations in a gouty person, nor does it 
aggravate existing gouty arthritis Finally, the pain m acute gouty arthritis is 
alleviated by colchicum, which has no action on the urates in the blood or urine 

Senneit®® mentioned in his treatise written thiee hundred yeais ago that Julius 
Alexandnnus knew a gouty person who suffered an acute attack each time he 
consumed carp Today some physicians ®' envisage gout as an allergic reaction to 
an exogenous or endogenous allergen The allergen may be derived from food, 
drink or bacteiia or may lepresent tissue substance which forms after trauma oi 
an operation The purine content of foods and drinks does not seem to play a 
role As yet there is insufficient evidence to warrant the assumption that food 
or other allergens are the cause of gout 

Tophi aie the sole pathologic proof of gout They establish the gouty natuie 
of an associated aithritis Galen®® (131-200 AD) seems to have been the first 
to describe them In his opinion, tophi result from a crude humor becoming 
inspissated and viscous Actually, tophi represent deposits of sodium urate ciystals 

34 Grabfield, G P A Pharmacologic Study of the Mechanism of Gout, Ann Int Med 
11 651-656 (Oct ) 1937 Grabfield, G P , and Pratt, J PI Action of Cmcophen, J Pharmacol 
& Exper Therap 42 407-439 (Aug ) 1931 

35 Langdon-Brown, W Gout, M Press 196 331-334 (April 20) 1938 

36 (a) Brpichner-Mortensen, K Uric Acid m Blood and Urine, Acta med Scandmav 

(supp ) 84 1-269, 1937, On Variations in Uric Acid Clearance After Administration of 
Purine, with Special Reference to the Threshold Problem, ibid 99 525-537, 1939 (b) Coombs, 

F S , Pecora, L J , Thorogood, E , Consolazio, W V , and Talbott, J H Renal Function 
m Patients with Gout, J Clin Investigation 19 525-535 (May) 1940 

37 (a) Lichtwitz, L Gout, Bull New York Acad Med 10 306-319 (May) 1934 

(5) Llewellyn, L J The Etiology of Gout, New York M I 118 601-608 (Nov 21) 1923 
(c) Llewellyn, L J , and Beaumont, W M Gout, St Louis, C V Mosby Company, 1921 (d) 
Gudzent, F Gicht und Rheumatismus, Berlin, Julius Springer, 1928 (e) Widal, F , 

Abrami, P , and Joltram, E Les cuti-reactions aux vins chez les goutteux, Presse med 
33 1425-1426 (Oct 28) 1925 

38 Galen, C Opera omnia, editionem curavit Carolus Gottlob Kuhn, Leipzig, Cnobloch 
1827, vol 13, book 10 
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in mesenchymal tissues The factors involved in the deposition of uiates are 
unknown Since deposits of sodium urate rarely occur in other conditions with 
a concomitant hyperuricemia, local factors were incriminated foi then devel- 
opment in gout It was maintained that urate crystals precipitate m traumatized 
parts of the body and m such parts “as are remotest from the Heart” (such as 
toe and margin of the ear), and “through which the Liquids flow the most diffi- 
cultly” (cartilage, tendons and ligaments) However, the deposition of urates 
m the tissues cannot be attributed solely to these factors, because blood with a 
high urate content flows sluggishly in the same parts of the body in conditions 
other than gout without production of urate deposits On the othei hand, tophi 
are not uncommon m regions not exposed to trauma 

Tophi most frequently develop in the cartilages of the ears, m olecranal and 
prepatellar bursae and m and about peripheral joints They occur less often m the 
connective tissue of the cutis and subcutis Sodium urate crystals are often 
deposited m the interstitial tissue of the kidneys and also m the renal cahces 
and pelves, where they form gravel oi calculi^® In the joints the urate ciystals 
may invoke changes similar to those prevailing in rheumatoid arthritis and osteo- 
arthritis Intra-articular tissue reactions as well as periarticular tophi and fibrotic 
changes may restrict function of the joint and cause unsightly deformities Tophi 
are painless, they become painful when they interfere with motion of the joint 
or duimg acute exacerbations Tophi may ulcerate, permitting the stones to 
peep out like “crab’s eyes ” Under the microscope, the chalky substance from 
a broken-down or needled tophus reveals the characteristically needle-shaped and 
colorless sodium urate crystals The chemical nature of the “chalk” may also be 
verified by the murexide test Microscopic examination and chemical tests are 
necessary to differentiate true tophi from Heberden’s nodes, from calcium deposits, 
from the nodular swellings occurring m rheumatic fever, rheumatoid arthritis and 
fibrositis and from ganghomas and sebaceous cysts 

Palpable or visible tophi appear m about 50 per cent of all cases of gout 
Infrequent m early gout, they are rather common in advanced gout Since tophi 
generally develop eight or ten years after the clinical onset of the disease, one must 
not hesitate to diagnose presumptive gout m their absence if other evidence present 
justifies the diagnosis Sodium urate crystals may be deposited in bone and 
replace osseous tissue In roentgenograms, the osseous tophi are revealed as 
punched-out areas at or near articular margins Huber, in 1896, was the first 
to desciibe the specific roentgenographic features of gout, namely, sharply defined 
circular or oval areas of diminished density located in the distal ends of the 
phalanges of the feet and hands He regarded them as cavities filled with urate 
crystals 

Roentgen evidence of osseous tophi is seldom discernible m the eaily years 
of gout, it was absent even m patients who had had symptoms of the disease 
foi twenty- five or thirty yeais^° Hence, normal roentgenograms do not rule out 
gout Moreover, roentgenogi aphic evidence indicative of erosion of bone can 
also be obtained m various other diseases, a circumstance which further detracts 
fiom the value of roentgen examination m gout Punched-out aieas may be seen 

39 Urate gravel and stones were called urinary tophi by Hench However, in gouty 
persons urate gravel and stones precipitate from urine the urate content of which usually is 
below' the normal level, wdiereas true tophi precipitate from blood and other body fluids 
having an increased urate concentration 

40 Huber Zur Verw'erthung der Rontgen-Strahlen im Gebiete der Medicin, Deutsche med 
Wchnschr 22 182-184 (March 19) 1896 
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m rheumatoid and focal arthiitis, osteoaithritis, lupus pernio, cystic disease of 
the bones, multiple chondiomas and myelomas, Schuller-Christian syndrome, 
syphilis, tuberculosis and yaws 

On the other hand, loentgen examination may furnish valuable infoimation 
concerning prognosis of surgical treatment for gout For instance, the bones of 
hands defoimed by chionic arthritis and tophi may have siiifered extensive damage 
If roentgenography is not resorted to in such cases, the surgical lemoval of tophi 
which, instead of the wasted bones, foim the supporting frame of the hand, may 
render wholly useless an efficient though much deformed hand 

The most important milestone m the treatment of gout is the introduction of 
Colchicuni autumnale,^’- or meadow saffion, in 1763, by Baron Anton von Storck,^^ 
physician to the Empress Maria Theresa Prior to that time, this perennial plant 
was eithei unknown m many parts of Europe or was in ill repute possibly 
because Dioscorides,*'^ in the first century A D , claimed that the plant was 
poisonous, causing death by suffocation Baion von Storck,"'- liowever, demon- 
strated that small amounts of colchicum can be given with impunity He stiessed 
the drug’s analgesic action for articulai pains and its diuretic properties Quacks 
were quick to make capital of von Storck’s discovery They flooded the market 
with “gout specifics” (eau medicinal de Husson, liqueur antigoutteux du 
Docteur Laville, Reynold’s specific, Albert’s remedy. Want’s medicinal water, 
etc ), many of which are still on the market and are the choice of some physicians 
and a large number of persons with gout Benjamin Fiankhn is credited with 
having been the first to introduce colchicum into this country 

Colchicum was known to Byzantine physicians (fifth, sixth and seventh cen- 
turies AD) undei the name of hermodactyl (finger of Hermes) It has also 
been called aimna mUailoutm (soul of the joints) A prescription^^ of Jacobus 
Psychrestus, a Constantinople physician of tlie fifth century A D , has been 
preserved for posterity by the famous Byzantine physician, Alexander of Tralles^® 
(525-605 AD), who, like Psychrestus and Aetius (sixth century) before 
him and Paulus Aegineta (625-690 AD) after him, employed hermodactyl 
for painful aiticular attacks These early physicians were familiar with the 
dangerous effects of the drug, they felt that it also had pioperties other than 

41 The name colchicum originates from Colchis, an ancient district of Asia Minor 

42 Storck, A An Essay on the Use and Effects of the Root of the Colchicum Autumnale, 
or Meadow Saffron, translated from the Latin, London, T Becket, & P A De Hondt, 1764 

43 Neither hermodactyl nor colchicum is mentioned among more than fiftv remedies recom- 
mended for the treatment of gout by Nicholas Culpeper in 1681 (The English Physician 
Enlarged, London, G Sawbridge, 1681) 

44 Dioscorides Anazarbeus (Pedacius) Arzneimittellebre in funf Buchern, translated into 
German by J Berendes, Stuttgart, F Enke, 1902, book 4 

45 Scudamore, C A Treatise on the Nature and Cure of Gout and Rheumatism, Includ- 
ing General Considerations on Morbid States of the Digestive Organs Some Remarks on 
Regimen, and Practical Observations on Gravel, ed 3, Philadelphia, E Earle, 1819 

46 Schnitker, M A A History of the Treatment of Gout, Bull Inst Hist Med 4 
89-120 (Feb) 1936 

47 Hermodactyl, 4 scruples, scammony, 2 scruples To drink with lukewarm water after 
the patient has been prepared by a good regimen 

48 Alexander (Tralhanus) Medici libn duodecim, Graeci et La tun lo Guinteno 

Andernaco interprete et emendatore Adiectae sunt per eundem uariae exemplarium lectionis 
observationes, cum Jacobi Goupyli castigationibus, Basel, per Henricum Petrum, 1556 

49 Aetius Amidenus (Antiochemus) Libri XVI, Basel, in off Frob 1533-1535, sermo 
duodecimus 

50 Paulus Aegineta Opus de re medica, nunc primum integrum latinitate donatum, per 
Joannem Guintenum Andernacum, Pans, apud S Cohnaeum, 1532, book 3 
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purgative As yet physicians are unable to explain the striking action of colchicuin 
m the acute gouty attack It does not act as a diuretic, it has no effect on the 
metabolism of purine bodies, it has no influence on the kidneys, it does not 
increase excretion of urates or decrease the urate content of the blood Colchicum 
cannot be regarded as an analgesic, because it fails to influence the pain of a 
nongouty origin 

Colchicum should be administered with great caution or not at all to the old 
and feeble or to those who suffer from disturbance of the kidneys, heart, liver 
or gastrointestinal tract Colchicine, the alkaloid and active principle of Colchicum 
autumnale, isolated by Pelletier and Caventou in 1820, is the substance pie- 
ferred for the treatment of gout because its potency is constant, in contrast to that 
of the wine and of the tincture of colchicum, which deteriorate on standing A 
saline purgative such as magnesium sulfate or sodium sulfate to 1 ounce 
[15 to 30 Gm ]) should usher m the treatment of an acute attack of gout The 
treatment is continued, with ingestion of 2 colchicine pills, %20 gram (0 5 mg ) 
each, followed hourly or every two hours by 1 pill Patients who are being 
treated for the first time and whose tolerance for colchicine is unknown should 
be watched carefully It is not necessary to produce nausea or purgation to obtain 
full therapeutic benefit with colchicine, nausea, vomiting and diarrhea indicate, 
rathei, overdosage, and the administration of the drug should be stopped at once 
The dial rhea is treated with codeine, camphorated tincture of opium oi bismuth 
subnitrate Patients who are warned by prodromes of an impending attack may 
prevent or abort it by promptly taking a few colchicine tablets Fiequent pie- 
monitory symptoms are headache, vertigo, nausea, dyspepsia, gastrointestinal 
distress, mental depression, nervous irritability, nocturia and euphoria It has 
been reported recently that gout cycles consisting of suppression of sweating, 
polyuria and gam in body weight, correlated perhaps with a fall m barometric 
pi essure, may precede acute gouty attacks 

Although, in general, colchicine is believed to be highly effective only in the 
acute gouty attack, there are physicians who advocate its prophylactic use in 
the asymptomatic peiiods between attacks One colchicine pill after meals foi one 
week eveiy four weeks, or for two or three days each week®^ has been recom- 
mended It IS said that colchicomania develops in patients who take the drug 
too frequently Such patients become tolerant to the drug, the dose of which 
must continually be increased for effectiveness Finally, the frequency, seventy 
and duiation of the acute attacks increase Personally, I have not encounteied 
untoward effects from the prolonged admmisti ation of colchicum 

Fifteen centuries elapsed after Jacobus Psychrestus prescribed hermodactyl 
foi his patients in Constantinople before a new milestone was set up in the treat- 
ment of gout In 1908, Nicolaier and Dohin®® reported that cmchophen (intro- 
duced under the proprietary name atophan) increases the urinary output of urate 

51 Scheifley, C H , and Higgins, G M The Effect of the Administration of Colchicine 
After Partial Removal of the Liver, Proc Staff Meet, Mayo Clin 15 536 (Aug 21) 1940 

52 Pelletier, P J , and Caventou, J B Examen chimique de plusiers vegetaux de la 
famille des colchicees et du principe actif qu’ils renferment, Ann de chim et phys 14 69 
1820 ’ 

53 Cohen -ni Talbott and others 

54 Boulm, R Le colcique et la goutte, Progres med 67 585-588 (April 29) 1939 

55 Nicolaier, A, and Dohrn, M Ueber Wirkung von Chinolincarbonsauren und ihrer 
Derivate auf die Ausscheidung von Harnsaure, Deutsches Arch f klin Med 93 331-335 (June) 



386 


ARCHIVES OF INTERNAL MEDICINE 


while lowering its level in the blood In 1911 , Weintraud emplo3fed the drug 
111 the tieatment of gout and found that significant relief followed its use in acute 
attacks He stated the belief that the action of cinchophen was more effective than 
that of colchicum The exact mechanism of the pharmacologic action is not clear 
It has been suggested that cinchophen enhances excretion of urates by direct action 
on the kidne3^s or thiough the nerves conti oiling renal function,'^® especially 
through the true sympathetic®^ Depression of leabsorption of urates by the renal 
tubulai epithelium is anothei explanation offeied®”'^ However, as yet it has not 
been proved that the uricosuric action of cinchophen is actually responsible for 
its theiapeutic effect m gout In addition, cinchophen has antipyretic and analgesic 
propel ties 

In acute attacks, cinchophen is given for two or three consecutive days in 
amounts of grams (0 48 Gm ) three, foui or more times a day After an 
interval of from two to four days, administration of the drug may be repeated 
To pi event the precipitation of urates as giavel or stones because of the acid 
reaction of the uiine, ingestion of cinchophen should be followed b3'^ ingestion of 
alkaline waters or alkaline powdeis (potassium citrate, sodium bicarbonate) 
Ihese lender the urine alkaline, in which urates are more soluble In addition, 
a hbeial intake of fluids and carboh3^diates should be insisted on during admin- 
istration of cinchophen 

It must be kept m mind that cinchophen and its derivatives, such as neo- 
cmchophen, do not cure gout, fuitheimore, the relief fiom pain in acute attacks 
IS not so diamatic and complete as with colchicum Moreover, cinchophen is 
known to cause severe and even fatal liver poisoning M'hen toxic effects develop, 
such as anorexia, nausea, d3^spepsia, gastrointestinal upsets, jaundice, pruritus 
and urticaria, administration of the drug should be stopped at once Signs of 
cinchophen intoxication may first appear long after the administration of the 
drug was suspended Because of its toxicity and because there is no safe method 
of administration, many physicians do not use cinchophen at all Others feel 
that the risk from the drug is less than the danger to the patient from the grave 
renal and vascular complications of gout Under no circumstances should 
cinchophen be given uninterruptedly, there should be an intermission of four 
to five days between courses The intermittent use of cinchophen is advocated 
especially in the mterparoxysmal peiiods to aveit acute attacks and to prevent 
or delay the development of complications and of chronic arthritis In the inten’^als 
between acute attacks, cinchophen ma3'^ be given in doses of 15 grains (1 Gm ) 
twice a da3% one day each week 

From the procession of milestones one point cleaily emerges, namely, that 
gout IS still the “ph3'’sicians’ shame,” oppiobiium medicoi um, as Daniel Sennert®® 
m the sixteenth centuiy put it Although man3’^ theoiies have been advanced, large 
m scale and concept, no one as yet even knows the cause of the h3^peruricemia 
present in persons with gout, no one knows the cause of retention of mates by 

56 Weintraud, W Die Behandlung der Gicht mit Phenylchinolincarbonsaeure (Atophan) 
nebst Bemerkungen ueber die diaetetische Therapie der Krankheit, Therap d Gegenw 13 97- 
105 (March) 1911 , Weitere khnische Erfahrungen mit Atophan nebst Bemerkungen uber Gicht 
und Harnsaure Diathese, Therap Monatsh 26 21-29 (Jan ) 1912 

57 Palmer, W L , and Woodall, P S Cincophen — Is There a Safe Method of Admin- 
istration? J A M A 107 760-764 (Sept 5) 1936 Palmer, W L , Woodall, P S , and Wang, 
K C Cincophen and Toxic Necrosis of Liver Survey of Problem, Tr A Am Physicians 
51 381-393, 1936 

58 Graham, G Gout, in Price, F W A Textbook of the Practice of Medicine, ed 5, 
London, Oxford University Press, 1937 
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the body tissues and fluids or the cause of the precipitation of sodium urate into 
the tissues Since the nature of the basic disturbance of gout is unknown, it is not 
surprising that as yet no means has been evolved to treat gouty dyscrasia On 
the other hand, it seems that perpetual vigilance, adherence to a regimen of hygiene 
and diet of tried value and wise use of the effective drugs available can to a 
certain extent alter the clinical course of the disease and retard its progiess 
However, it appears that, despite the institution of best therapeutic measures, 
once gout has established itself m a person “the disease sticks to him until death” 
(Aretaeus, second and third centuries AD)®® 

135 West Seventy-Ninth Street 


59 Aretaeus (Cappadox) The Extant Works, edited and translated by Francis Adams, 
London, The Sydenham Society, 1856 

Recently a new method of approach to the understanding and treatment of gout has been 
offered The clinical association of blood dyscrasias and gout prompted Davis (Davis, J S 
The Liver an Etiological and Therapeutic Factor in Certain Types of Blood Disease and in 
Gout and Gouty Arthritis, JAMA 117 1648-1649 [Nov 8] 1941) to assume a 
possible etiologic connection between gout and a disturbance m hepatic function He reported 
gratifying therapeutic results in cases of chronic gouty arthritis and tophaceous gout by 
injecting a “full complement” liver extract (campolon) which is not heated in preparation and 
from which purine bodies and proteins are removed 
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Judging by the length of this leview as compared with the reviews of previous 
} ears, and by the number of papers referred to, the war up to now has not greatly 
interfered with the progress of the study of infectious diseases Nor has there 
as }et been as great a change as expected in the tiend of interest to problems of 
infectious diseases m special i elation to the war In the next year or two, however, 
more change may be anticipated in the quantity and in the nature of published 
investigations Evidence of curtailment of medical research is apparent, for example, 
m the thinness of recent issues of the Ptocccdmgs of the Society of Expeiimcntal 
Biology and Medicine and in the cancellation of meetings of numerous other scien- 
tific societies 

In spite of the war and either as the result of the application of specific and 
general prophylactic and therapeutic measures or because of a change in the nature 
of the diseases, the death rates for scarlet feier, whooping cough, diphtheria, 
influenza, pneumonia, tuberculosis, typhoid fever, appendicitis and puerperal fever 
in 1942 have reached the lowest levels ever recorded by a large life insurance com- 
pany ^ Most striking is the reduction by 55 per cent of the mortality from the 
\arious types of pneumonia from 1938 to 1942 In the ten years prior to 1938, 
the year m which sulfapyridme (2- [paraaminobenzenesulfonamido] -pyridine) was 
fill St used, the death rate nevei fell below 79 per hundred thousand, but by 1942 
the rate had dropped to 32 per hundred thousand According to editorial com- 
ment^" reviewing the evidence at hand, it is pleasing to learn that there are at 
present insurmountable difficulties for the successful use of infectious agents as 
effective weapons of warfare 

CHEMOTHERAPY 

Attempts to discover why the sulfonamide compounds exert a bacteriostatic 
effect and why certain bacteria are resistant to this effect continue to be made in 
chemotherapeutic research In regard to the first problem Davis and Wood - 
point out a correlation between the bacteriostatic power and the protein-bmding 
ability of seven commonly used sulfonamide compounds The results reported 
support the current ideas that bactenostasis depends on specific inhibition of an 
enzymatic reaction involving paraaminobenzoic acid and that enzymes are protein 
m natuie and inhibition of their action involves some form of chemical interaction 
between the inhibitor and the enzyme The authors suggest that the anionic species 
of the molecule of the sulfonamide compound is the active factor in the mechanism 
of bactenostasis 

From the Jefferson Medical College and Hospital 

1 Excellent Health Record of a War Year, Statist Bull Metrop Life Insur Co 23 1-3 
(July) 1942 

la Feasibility of Bacterial Warfare, editorial, JAMA 122 810-811 (July 17) 1943 

2 Davis, B D , and Wood, W B Studies in Antibacterial Action of Sulfonamide Drugs 
III Correlation of Drug Activity with Binding to Plasma Proteins, Proc Soc Exper Biol & 
Med 51 283-285 (Nov) 1942 
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An increase m the amount of paraaminobenzoic acid is supposedly one of the 
chief causes of the resistance to the action of sulfonamide compounds, but this 
could not be proved until a method was devised by which that substance in cul- 
tures of bacteria could be detected and measured By applying a new technic to 
cultures of certain staphylococci that were resistant to sulfonamide compounds, 
Landy and his associates ^ have shown that this was so At least, the resistant 
staphylococci make seventy times as much paraaminobenzoic acid in a synthetic 
medium as do parent drug-sensitive strains of the same bacteria Drug-fast 
staphylococci elaborate much more paraaminobenzoic acid than do othei varieties 
of bacteria tested, and evidence suggests that the ability to produce these large 
amounts is permanent On the other hand, the resistant strains of Escheiichia 
coll. Vibrio cholerae, Salmonella dysenteriae and Diplococcus pneumoniae pro- 
duced no more demonstrable paraaminobenzoic acid than did their parent drug- 
sensitive forms Some other "antisulfonamide metabolite” or proliferative 
coenzyme may eventually be discoveied to account for the resistance of drug-fast 
bacteria of these varieties to the action of the sulfonamide compounds 

If the suggested factors alone aie responsible for the development of resistance 
to the sulfonamide compounds, it should be possible to overcome them by some 
means With this in mind, a group of investigators ^ succeeded in neutralizing the 
action of paraaminobenzoic acid and of methionine with urea The addition of urea 
inhibited the growth of the resistant staphylococci in a concentration of sodium sulfa- 
thiazole (sodium salt of 2-[paraaminobenzenesulfonamido]-thiazole), which alone 
was ineffective, thus overcoming their drug-fastness It is hoped that this innovation 
in chemotherapy will prove to be effective clinically Another way to deal with 
drug-fast types of bacteria, at least with some of them, is to use penicillin (a filtrate 
of a broth culture of Penicilhum notatum), to which they are sensitive Unfoitu- 
nately, according to McKee and Houck,® pneumococci, staphylococci and hemolytic 
streptococci may become penicillin fast In this case, unlike the bacteria resistant 
to sulfonamide compounds, they lose virulence, according to one report “ Their 
virulence could not be restored by repeated passage in animals 

According to McKinney and Mellon,^ pneumococci which become resistant to 
sulfonamide compounds aie intermediate variants of the parent drug-sensitive form 
The variant forms are not included among the usual M, S and R culture phases, 
which McLeod several years ago showed to play no part in the matter 

Another chemotherapeutic agent, propamidine (4, 4'-diamidmodiphenoxypro- 
pane dihydrochlonde) , was found to be bacteriostatic for staphylococci® The 


3 Landy, , and Dicken, DM A Microbiological Method for the Determination of 
P-Aminobenzoic Acid, J Biol Chem 146 109-114 (Nov ) 1942 Landy, M , Larkum, N W , 
Oswald, E J , and Streightoff, F Increased Synthesis of P-Aminobenzoic Acid Associated 
with the Development of Sulfonamide Resistance in Staphylococcus Aureus, Science 97 265- 
267 (March 19) 1943 

4 Tsuchiya, H M , Tenenberg, D J , Strakosch, E A , and Clark, W G In Vitro 
Effect of Urea-Sulfathiazole Combination on Sulfathiazole-Resistant Staphylococci Proc Soc 
Exper Biol & Med 51 245-247 (Nov ) 1942 Tenenberg, D J , Tsuchiya, H ’ M , Clark, 
W G , and Strakosch, E A In Vitro Effect of Sulfonamides Plus Urea on Escherichia Coli 
m Presence of Para-Ammobenzoic Acid, ibid 51 247-249 (Nov ) 1942 

5 McKee, C M , and Houck, C L Induced Penicillin Resistance in a Pneumococcus 
Type III Culture, Federation Proc 2 100 (March 16) 1943 

6 McKee, C M , and Rake, G Activity of Penicillin Against Strains of Pneumococci 
Resistant to Sulfonamide Drugs, Proc Soc Exper Biol & Med 51 275-278 (Nov ) 1942 

7 McKinney R A, and Mellon, R R Dissociative Aspects of the Bacteriostatic Action 
of Sulfonamide Compounds, J Infect Dis 68 233-245 (May-June) 1941 

T ^ ^ ^ ^ O Propamidine in Chronic Wound Sepsis, 

Lancet 1 133-136 (Jan 30) 1943 
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activity of this substance is not inhibited by paraaminobenzoic acid oi by pus It 
appears to be useful in treatment when applied to superficial infections 

€11611101110 apy m Infections of the Respiiatoiy Tiact — The results of treating 
1,635 adults foi pneumococcic pneumonia with sulfonamide compounds are 
reported by Fhppm and his co-workers” Sulfadiazine (2-[paraaminobenzene- 
sulfonamidoj-pyiiniidme) is at piesent the drug of choice The mortality rate 
for these patients was about 10 per cent, compaied with 40 per cent foi 1,900 
patients with pneumonia in the years just before sulfonamide compounds became 
available In the discussion of this report, Rumreich cautions against the indis- 
criminate use of sulfonamide compounds in treating forms of pneumonia not 
amenable to chemotherapy An accurate clinical and bactenologic diagnosis should 
be made in each case to guide intelligent therapy Experiments with a new com- 
pound, sulfamethyldiazine (sulfamenzme), are in progress The drug is as effective 
as sulfadiazine and is absorbed more rapidly 

Dowling and his associates find that giving only 2 Gm of sulfadiazine initially 
and 0 5 Gm every four hours thereafter, in other words about half the usual 
amount, is just as satisfactory as far as the mortality rate and the incidence of 
complications aie concerned However, m those receiving the smaller doses, 
the duration of the disease \vas somew'hat longer and the incidence of spread to 
other lobes and of relapse, highei 

Finland review's information concerning the use of chemotherapy in the treat- 
ment of bacteremia Dick reported recovery in a case of subacute bacterial 
endocarditis six w'eeks after the administration of 40 Gm ( ') of sodium sulfa- 
diazine in one dose Temporary suppression of urine occurred The patient died 
a few' months later Others w'ho have tried this enoi mous dose have not had good 
results therefrom 

In reference to the unwise use of the sulfonamide compounds for minor infections 
of the respiratory tract, Spink points out that chemotherapy should not be used 
for this group of infections except m (1) patients with severe infections actually 
caused by the hemolytic streptococcus, (2) patients w'lth colds w'ho are known to 
have cardiac valvulai defects, to forestall endocarditis, and (3) obstetric patients 
who have contracted infection of the respiiatory tiact at oi near term It is his 
practice to give sulfadiazine for at least forty-eight hours to every patient having 
evidence of pneumonia of any kind, but if at the end of that time the cause of the 
disease is undetermined and if no impiovement has occurred, chemotherapy is 
stopped I do not agree wholly w'lth this plan, feeling that in the majority of cases 
of pneumonia one can decide at the outset or soon after whether or not chemo- 
therapy should be used In the season of 1942-1943, at least, most of the patients 
with pneumonia whom I observed had the atypical (viral) type, and in only a few' 
cases, in which the diagnosis was doubtful, w'as chemotherapy used The mortality 
among these patients w'as nil w'hether treatment w'as given or not In a controlled 

9 Fhppin, H F , Schwartz, L , and Domm, A H Modern Treatment of Pneumococcic 
Pneumonia, JAMA 121 230-236 (Jan 23) 1943 

10 Dowling, H F , Hartman, C R , Feldman, H A , and Jenkins, F A The Com- 
parative Value of High and Low Doses of Sulfadiazine in the Treatment of Pneumococcic 
Pneumonia, Am J M Sc 205 197-203 (Feb ) 1943 

11 Finland, M Chemotherapy m the Bacteremias, Connecticut M J 7 92-100 (Feb ) 1943 

12 Dick, G F Subacute Bacterial Endocarditis Recovery Following Intravenous Sodium 
Sulfadiazine, JAMA 120 24-25 (Sept 5) 1942 

13 Spink, W W The Use and Abuse of Chemotherapy, Minnesota Med 24 988-990 
(Dec) 1942 

14 Indiscriminate Sulfonamide Therapy in Mild Infections of the Respiratory Tract, editorial, 
Pennsylvania M J 46 719-720 (April) 1943 
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study’*' of 670 cases of infection of the lespiiatoiy tiact no significant dififeience 
was observed in the duiation of sickness among those given sulfadiazine as 
compared with contiol patients not receiving the diug Pneumonia occuired 
equally m both groups Accoidmg to Robeitson/'* the possibility of pi eventing 
pneumonia with sulfonamide compounds does not seem hopeful in view of the 
failure of expeiimental attempts at pieventioii In animals, at least, chemotherap) 
was unexpectedly much less effective if given before than if given after the disease 
had begun Fuithermoie, the low incidence of pneumonia in recent epidemics ot 
mild infection of the iespnator> tract does not justify the use of chemopi ophylaxis 
even though physicians had evidence that pneumonia could be pi evented by this 
means If bacteiial pneumonia does occur, it can be satisfactorily tieated as it 
arises Conditions, however, maj change, and then it may be justifiable to use 
chemopi ophylaxis geneially Foi example, in the event of a large outbieak of 
influenza or related disease m which secondary bacterial invasion occuis as it did in 
1918, theie may be no time oi opportunity for careful study and selection of 
cases foi tieatment 

Chemothei apy m Othei Infections — Sulfadiazine, because of its low toxicity m 
compaiison with its lelatives, is at present the drug of choice in the tieatment 
of hemolytic sti eptococcic, gonococcic and staphylococcic infections and of vaiious 
acute bacteiial memngitides In line with curient pessimism as to the relative 
ineffectiveness of chemotheiapy foi staphylococcic infections, discussed in last yeai’s 
leview,*^^ Butler and Valentine^® state that sulfathiazole is of little value in the 
treatment of patients with septicemia, and most patients with only a few cocci in 
their blood lecovei without it They believe it should be given nevertheless if 
visceial involvement occurs, even with light bacteremia Penicillin may eventually 
prove to be more useful 

In a study of the value of sulfathiazole m chemopi ophylaxis against gonoi - 
ihea, the diug was given to a gioup of Negro soldiers before and after they went 
on leave A much largei group of untreated Negroes served as a contiol A 
phenomenal disappearance of gonoi i hea and chanci oid was i epoi ted for the ti eated 
gioup Aftei chemoprophylaxis the piopoition contracting gonorihea diopped 
fiom 171 per thousand to 8 per thousand, and the propoition presenting chanci oid 
from 52 to 6 Admittedly this method seems to be successful, but the iisks involved 
if It IS used on a larger scale aie as yet unknown Besides, the piofoundly impor- 
tant social implications of such a measure are not mentioned Serious questions 
arise as to the frequency of “healthy carriers” in whom symptoms do not occur 
among persons so treated and as to the possibility under these circumstances of 
disease being spread even moie, to say nothing of the moial effects of the lemoval 
of the feai of infection 


14a Rusk, H A , and van Ravenswaay, A C Sulfadiazine in Respiratory Tract Infections 
Its Value in Treatment During the Winter of 1942-1943 at Jefferson Barracks, JAMA 
122 495-496 (June 19) 1943 

15 Robertson, O H Newer Knowledge Concerning the Inception of Pneumonia and Its 
Bearing on Prevention, Ann Int Med 18 1-14 (Jan ) 1943 

16 Finland, M , Peterson, O L, and Goodwin, R A Sulfadiazine Further Clinical 
Studies of Its Efficacy and Toxic Effects in Four Hundred and Sixty Patients Ann Int Aferl 
17 920-934 (Dec ) 1942 

17 Reimann, H A Infectious Diseases A Review of Significant Publications in 1941- 
1942, Arch Int Med 70 132-177 (July) 1942 

18 Butler, E C B , and Valentine, F C O Further Observations on Acute Stanhvlo- 
coccal Infections, Lancet 1 194-197 (Feb 13) 1943 

- 19 Loveless, J A , and Denton, W The Oral Use of Sulfathiazole as a Pronhvlaxis fnr 

Gonorrhea, JAMA 121 827-828 (March 13) 1943 ^ 
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In a soit of review of progiess m the chemotheiapy of tuberculosis, Smith and 
his associates show that a number of sulfonamide compounds have an inhibiting 
effect on the growth of tubercle bacilli The mortality rate in a group of infected 
animals was reduced from 81 to 44 pei cent with piomin (a glucoside derivative 
of 4,4'-diammophenylsulfone) and to 56 Avith related drugs Attempts are being 
made to produce more effective and less toxic diugs Another short summary of 
the problem appears elsewhere,-^ in which it is pointed out that as yet no drugs 
other than the sulfonamide compounds have been found efficacious m the treatment 
of tuberculosis m animals or man Sulfanilamide is of no value in the treatment 
of leprosy but has proved to be effective m conti oiling the secondary or compli- 
cating infections -- Eosinophilia often occurs in lepers treated with sulfanilamide 
As to the tieatment of leprosy m rats with sulfonamide compounds, conflicting 
results have been reported According to Krakower and his associates,*® sulf- 
anilamide and sulfathiazole were bacteriostatic for a mouse strain of Mycobacterium 
lepiae Growth and dissemination of the lepromas were inhibited while the rats 
weie under tieatment, but i elapse occurred when therapy was stopped There was 
no indication that the bacilli lesidmg in the lesions were killed by the drugs 

A careful analysis of patients with paratyphoid B fever failed to reveal any 
evidence of the effectiveness of sulfaguamdine in treatment in the acute, the con- 
valescent or the carrier stage Although sulfadiazine reduced the number of 
t 3 'phoid bacilli m the intestine, the chronic carrier state was not terminated 
The sulfonamide compounds are of no value in the treatment of typhoid fever 
either 

According to a report of experience in Africa, sulfapyridme acts as a specific 
foi the bubonic form of plague Of 547 patients, 345 died All but 2 of the 131 
pneumonic or septicemic patients died Since most of the patients with the bubonic 
form who recovered did so by the second or third day, one wonders how much 
chemotherapy had to do with it, since they were the ones with the mildest infection 
Control studies of cases of bubonic plague of similar severity are essential before 
the value of the drug in the treatment of this disease can be judged 

As in studies reported previously, sulfanilamide had no effect on the "toxic 
phase” of smallpox, but the later phase, associated with pyogenic bacteria, vas 
modified in some cases 

20 Smith, M L , Emmart, E W , and W estfall, B B The Action of Certain Sulfonamides, 
Sulfones and Related Phosphorus Compounds in Experimental Tuberculosis, J Pharmacol & 
Exper Therap 74 163-171 (Feb) 1942 

21 Sulfone Compounds for Pulmonary Tuberculosis, Queries and Minor Notes, JAMA 
121 798 (March 6) 1943 

22 Faget, G H , Johansen, F A , and Ross, H Sulfanilamide in the Treatment of 
Leprosy, Pub Health Rep 57 1892-1899 (Dec 11) 1942 

23 Krakower, C , Morales-Otero, P , and Axtma 3 'er, J H The Effect of Sulfanilamide 
on Experimental Leprosy, J Infect Dis 72 1-10 (Jan -Feb ) 1943 

24 Scott, T F M , Beeson, P B , and Hawley, W L Paratyphoid B Infection The 
Ineffectiveness of Sulphaguamdme, Lancet 1 487-490 (April 17) 1943 

24a Hardy, A V The Bacteriostatic Action of Sulfadiazine on E Typhosa in Carriers 
and Cases, Pub Health Rep 58 833-839 (May 28) 1943 

24b Hoagland, R J The Treatment of Typhoid The Ineffectiveness of Sulfathiazole 
and Immune Serum, JAMA 122 1S3-1S6 (July 3) 1943 
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After ti eating 12 patients with nonspecific ulceiative colitis, Kirsner and his 
collaboratois leport no beneficial effect from sulfaguanidine (sulf anil} guanidine) 
The drug had no advantage over i elated ones in the treatment of lymphogi anuloma 
venereum of the lectum The bacterial flora, however, was greatly altered from 
predominantly coliform to giam-positive bacteria The change of flora interferes 
with the normal putrefactive bacteria, helpful m digestion and nutrition, with the 
result that there was a loss of weight m the test animals Normal growth may be 
maintained under these cii cumstances by the administration of either liver extiact 
or folic acid Contrary to most lepoits, as discussed on page 403, the authors 
noted only slight tempoiary benefit in 2 cases of infection with Bacillus dysenteiiae 
Flexner 

The value of sulfonamide compounds in the therapy of mycotic infections is as 
yet unknown Numerous reports of single cases in which recovery took place 
duiing therapy are on record but are of little value without controlled observation 
Here again the antibiotic agents may be more helpful Sulfapyiidme had no effect 
on typhus fever m one study,®® and sulfadiazine failed to control infectious mono- 
nucleosis in another®^ While sulfathiazole and sulfapyiidme had no effect on the 
protozoan Toxoplasma m vitro, they completely inhibited its growth in infected 
mice when given orally®® In most other infections the reveise usually occurs 

From the first comprehensive study to ascertain how many people actually have 
died from the effects of sulfonamide compounds, Sutliff and his associates ®® con- 
clude that the small number of such persons warrants the continued use of the drugs 
in the usual dosages for the diseases in which they are of value The benefits 
derived outweigh the risk involved They encountered the usual difficulties m their 
search because of the incomplete 01 unsatisfactory records of many cases For 
example, only one death ascribed to a sulfonamide compound appeared to have been 
noted among 685 deaths m cases of pneumonia m New York, but a more careful 
perusal of the statistics showed that the one death from toxicity occurred among 
161 As near as one can judge, 1 death is caused by a sulfonamide compound 
in every 1,600 cases of pneumonia m which such drugs are used It is often difficult 
and at times impossible to judge whether death is caused by the treatment, by the 
disease or by the combination of the two 

In discussing this paper. Long estimates that about 1,700 tons of sulfonamide 
compounds weie made in the United States in 1941 and that between 10,000,000 
and 15,000,000 persons received them in some form of therapy He points out the 
need for using these drugs only when they are indicated, because of the possible 
sensitization of a large percentage of persons who take them 
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Penialhn — Encouraging results aie accruing fiom clinical studies on the use 
of penicillin in treating infections The substance as developed by British investi- 
gatois IS said to have seveial advantages over sulfonamide compounds It is 
relatively nontoxic, nonhemolytic and highly soluble, and its action is not inhibited 
by pus 01 by paraaminobenzoic acid A form of penicillin called penicillin B was 
lecently discovered In addition to being active against gram-positive cocci, it 
attacks gram-negative ones as well, but it is also toxic foi mice Another com- 
pound consisting of esteis of the acid of penicillin vas studied by Meyer and his 
co-woikeis 

Thus fai m clinical use penicillin seems to be effective for infections vith 
staphylococci, hemolytic streptococci, ceitain susceptible straws of pneumococci and 
gonococci Unfoi tunately, thus far it has been of no value in the tieatment of the 
subacute bacteiial endocaiditis due to Sti eptococcus vindans The substance is 
best given intiavenously in physiologic solution of sodium chloride by the con- 
tinuous diip method in doses of 30,000 to 40,000 Flore), oi Oxford, units a day 
In 7 patients with vaiious seveie infections so tieated Herrell ““ leports good results 
and no toxic eflects, but unfoi tunately contiols in a study like this are difficult lO 
aiiange Penicillin was effective m ti eating several patients infected vith gono- 
cocci which were lesistant to sulfonamide compounds^' In my own experience, 
lecovery occuiied in a case of severe piimaiy staph) lococcic pneumonia in wdnch 
440,000 units of iiemcillin was given o\ei a period of thirteen days Penicillin was 
found to be effective against both pneumococci that w ei e resistant and pneumococci 
that were susceptible to the action of sulfonamide compounds It must be recalled 
here that pneumococci may become penicillin fast Pemcilhn-fast pneumococci are 
not resistant to sulfonamide compounds One wondeis whether a given strain of 
pneumococci may become resistant to both penicillin and a sulfonamide compound 
In the expeiience of Schmidt and Sesler^” pneumococci which become penicillin 
lesistant letam their virulence, in contrast with the obser\ ations discussed previously 
The veisatihty of the pneumococcus in adapting itself specifically to such diverse 
agents as bile, the sulfonamide compounds, penicillin and ethylh) drocupreme hydro- 
chloride is remarkable 

By using a protamine it is possible to “sensitize” gram-negative bacteria, 
ordinarily not susceptible, to the action of gramicidin (a crystalline substance 

34 Roberts, E C , Cam, C K , Muir, R D , Reithel, F J , Gabj, W L , Van Bruggen, 

J T , Homan, D M , Katzman, P A , Jones, L R , and Doisv, E A Penicillin B, an Anti- 
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isolated fiom soil bacilli, highly bactericidal for giam-positive micro-organisms) 
Methylthionine chloiide and acriflavine have a similar effect m increasing the 
effectiveness of tyrothncin (an extract from Bacillus brevis of Dubos) It appears 
that othei compounds, such as histone, with a relatively simple polypeptide con- 
figuration may also be found to have antibacterial properties Protamine and 
histone are too toxic foi therapeutic use 

In Neter’s experiments both pyocyanase and zephiran (a mixtuie of alkyl, 
dimethyl and benzyl ammonium chloiides) detoxified tetanus toxin Zephiian also 
delays the clotting of oxalated plasma by staphylococci and inhibits fibrinolysis by 
Streptococcus haemolyticus Zephiran chloiide has recently been accepted by the 
Council on Pharmacy and Chemistiy of the American Medical Association for 
listing in “New and Non-Official Remedies ” It is a new disinfectant, geimicidal 
for many pathogenic nonspoi ulatmg bacteria and fungi Solutions of the substance 
have low surface tension and have detergent, keratolytic and emulsifying action 
In dilutions of 1 1,000 to 1 10,000 it is used to disinfect the suiface of skin and 
mucous membranes 

Other antibiotic substances, such as pyocyanine, synthetic hemipyocyanme and 
P 3 >-ocyanase, have been tested Both tyrothncin and hemipyocyanme are fungi- 
static and md.y be of value in the tieatment of fungous infections 

COCCIC DISEASES 

Pnenmococac Pnemnoma — The death rate fiom pneumonia of all types m 
1941-1942 decreased to the lowest rate evei recorded by a large life msuiance 
company, dropping successively from 44, 40 and 32 per bundled thousand m the 
past thiee years The decline is not wholly due to the use of sulfonamide com- 
pounds since it had been slowly pi ogressing for many years befoi e and is influenced 
by othei factors as well, but chemotherapy, introduced in 1938, almost ceitamly 
caused a sharpei decline I believed that the death rate would be even lower this 
year because of the great number of cases in which the pneumonia was of a benign 
atypical (“viral”) type, but statistics show othei wise Apparently the death rate 
has incieased by 40 per cent ovei a similai peiiod in 1943, supposedly because 
of fatal cases of “viral” pneumonia ** This is surprising since m practically all 
leports of senes of cases of “viral” pneumonia the mortality rate is ml Deaths 
said to be due to “viral” pneumonia call for i emvestigation 

According to a survey of over 30,000 cases of pneumonia in the yeai s 1938 
to 1940, ovei thiee fouiths were caused by pneumococci The piopoition was 

41 (a) Neter, E Effect of Alkyl-Dimeth 3 'l-Benzyl- Ammonium Chlorides (Zephiran) upon 
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Dimethyl-Benzyl-Ammonium Chlorides upon Plasma Coagulation by Staphylococcus and 
Fibrinolysis by Streptococcus, ibid 51 256-258 (No-v ) 1942 (h) New and Nonofficial 

Remedies, J A M A 120 289 (Sept 26) 1942 

42 Stokes, J L , Pick, R L , and Woodward, C R , Jr Antimicrobial Action of Pyo- 
cj'^anine, Hemip 3 mcyanine, P 3 mcyanase and Tyrothncin, Proc Soc Exper Biol & Med 
51 126-130 (Oct) 1942 

43 Pneumonia Death Rate Lowest on Record, Statist Bull Metrop Life Ins Co 23 8-10 
(Nov) 1942 

44 Recent Increase in Pneumonia Mortalit 3 '^, Statist Bull Metrop Life Insur Co 24 7-9 
(April) 1943 

45 Rumreich, A S , Shaughnessy, H J , Mulcahy, J V , Willett, J C , Kellogg, W H, 
Md Alitchell, W C A Nation-Wide Study of the Bacterial Etiology of the Pneumonias 
Pub Health Rep 58 121-135 (Jan 22) 1943 
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revel seel in 1942 in many localities wlicie atypical (“viral”) pneumonia was 
common The disti ibution of cases accoiding to type of pneumococci remained 
constant m each aiea investigated fiom year to year In the two year period the 
predominant types were pievalent in the following order I, III, VII, VIII, IV, 
VI, V, XIX and XIV These types caused 75 pei cent of all cases of pneumo- 
coccic pneumonia in which the type was determined In a survey of an urban 
population m the years 1934 to 1936 the incidence of pneumonia of all types was 
5 4 pel thousand persons, the average duration of disability was thiity-nme days 
and the case fatality rate was 17 5 per cent 

Finland reviei\ s the epidemiology of pneumococcic infection It is clear from 
modern bactenologic studies that both patients with pneumonia and carriers of 
pneumococci aie responsible for the spread of this disease, but earners, being more 
numerous, aie probably the moie impoitant source of infection The spread of 
disease-producing pneumococci is gieatest within households, barracks or dormi- 
tories, where intimate and piolonged personal contact is favored Although there 
IS reason to believe that infection is usually an borne, there is, strangely enough, 
but little evidence to prove that it is The pi oblem is discussed again on page 398 
Because of the knowledge now available, it is important to determine the type of 
the infecting pneumococci m each case whether the disease produced is pneumonia 
or otherwise Each patient must be legarded as a disseminator of infection and 
isolated from others Sputum, saliva, handkerchiefs, bed clothing and other 
articles that aie likely to harbor pneumococci should be sterilized Dusting should 
be caiefully done 

It seems to me that the influence of mild acute infections of the i espiratoiy tract 
as a precursor of pneumonia is not adequately stressed m the review Since such 
infections piecede from 50 to 80 per cent of cases of pneumococcic pneumonia, 
their prevention would seem to be the gieatest single factor m conti oiling the 
incidence of pneumonia It is generally believed that a person’s liability to contract 
pneumococcic infection is dependent on his susceptibilit} to, or resistance against, 
the pneumococcus, and if resistance could be kept intact by preventing “colds,” 
pneumococcic invasion and disease would not occur in many persons 

Finland^® discusses the use of antipncumococcic seiums foi pneumonia caused 
by the highei -numbered types of pneumococci Theie are no\\ 68 recognized types 
and subtypes, which seems to complicate the mattei greatly, but the difficulties are 
lessened if the antiseiums are made with given types and their subty^pes In general 
such antiserums are just as valuable m tieatment as those for the lower-numbered 
types if given with the same precision, and, like them, are particularly valuable for 
patients who aie sensitive to sulfonamide compounds oi for those who are infected 
with pneumococci that are resistant to these compounds Because the distribution 
of the liighei -numbered types is the same in healthy cairiers as in patients with 
pneumonia, it is often difficult to decide whethei the pneumococci found in the 
sputum are the cause of the pneumonia oi merely' leside as saprophytes in the naso- 
phaiynx When pneumococci are present in the blood or the spinal fluid, they 
are almost certainly the cause of the disease Invasiveness of the relatively less 

46 Britten, R H The Incidence of Pneumonia as Recorded in the National Health 
Survey, Pub Health Rep 57 1479-1494 (Oct 2) 1942 

47 Finland, M Recent Advances in the Epidemiology of Pneumococcal Infection, Medicine 
21 307-344 (Sept) 1942 

48 Finland, M The Present Status of the Higher Types of Antipneumococcus Serums 
JAMA 120 1294-1307 (Dec 19) 1942 
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Aarulent higliei -numbered types of pneumococci depends largely on lack of resistance 
in the host 

Faller and his associates point out how unreliable statistics of pneumonia 
may be, even in hospital practice In scrutinizing the records of 377 deaths ascribed 
to pneumonia, this disease was obviously the primary cause of death in only 35 
per cent of the cases and probably not the cause in anothei 8 per cent In 19 per 
cent there was no evidence in the records by which pneumonia could be diagnosed 
at all How can one account for such a high proportion of errors^ Some of the 
factors, according to the authors, are as follows (1) Theie is a tendency to use 
the teim “pneumonia” to satisfy legal requirements when a named cause of death 
IS needed in an obscure case , (2) many physicians diagnose pneumonia too readily 
merely because of fever and pulmonary rales, (3) conditions such as pulmonaiy 
collapse or infarct aie often misdiagnosed, especially m surgical cases, (4) theie 
IS often uncertainty as to whether the patient died from pneumonia or whethei 
pneumonia developed because the patient was dying, (5) lecords are often poorly 
kept, and nomenclature is confused, (6) roentgenograms were made m only 38 
pel cent of cases, possibly, to cite one reason at least, because of the exoibitant 
charges often made for this service, and (7) attempts to discover the cause of the 
pneumonia bactenologically were made in only 15 per cent of cases The last 
shortcoming is most discouraging to those who have made efforts to stimulate 
inteiest in etiologic diagnosis by which accuiate clinical diagnosis and rational 
specific theiapy is guided 

Fiisch and his co-workers give a summary of their work concerning the value 
of examining sputum stained by Wright’s method as a guide to prognosis and 
theiapy m a nunibei of similar papers in different journals In general, regaidless 
of the type of pneumococcus except type III, of the duration of disease before 
specific theiapy is begun or of the presence of bacteremia, the prognosis is good 
and the moitality rate is 2 per cent when not more than 10 pneumococci per field 
are present With 11 to 30 per field the mortality rate is 9 per cent, with 31 to 
75, 30 per cent, and with a number exceeding 75 per field, 77 per cent Chemo- 
therapy had no appreciable effect on the fatality rate when the count was high 
Antiserum in adequate doses causes prompt clumping of pneumocpcci in the sputum, 
while the sulfonamide compounds i educe the numbers present within twelve to 
thirty-six houis unless the pneumococci are drug resistant Matters are different 
when pneumonia is caused by type III pneumococcus because of the large amount 
of capsulai polysaccharide made by this bacterium In stained smears of sputum, 
the polysaccharide appears as a reticulum When “reticulation” is present, the 
moitality rate is 79 per cent, compared with 7 per cent when it is absent In 
patients with “reticulated” sputum sulfathiazole lowered the mortality rate from 
100 to 67 per cent Antiserum is of no avail and should not be used unless the 
pneumococci are drug resistant 

Frisch’s test, while valuable, serves as an indication among others of the prog- 
nosis and as a guide to therapy It cannot be applied, of course, in the occasional 

49 Faller, C P , Quickel, K E , and Smith, C W All That Is Called Pneumonia Is Not 
Pneumonia A Critical Analysis of Three Hundred and Seventy-Seven Deaths Ascribed to 
Pneumonia Occurring- in Hospitals in Central Pennsylvania, Pennsylvania M J 46 339-345 
(Jan) 1943 

50 Frisch, A W , Price, A E , and Myers, G B Pneumococcic Pneumonia The Prog- 
nostic Signi^ance of the Number of Pneumococci in the Sputum in Relation to Therapy 
Barteremia, Type, Leukocyte Count, Duration of the Disease, Age and Degree of Invohement' 
J Clin Investigation 22 207-214 (March) 1943, Type III Pneumonia The Prognostic Sig- 
nificance of Reticulation in Relation to the Number of Pneumococci in the Sputum, Therapv 
Bacteremia, Leukocyte Count, Age and Degree of Inv'^olvement, ibid 22 215-220 (Alarch) 194^ 
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case m which sputum is not raised, and it is unreliable if othei complicating factois 
aie present 

Robertson^® summaiizes his work on the genesis of pneumonia Ceitain con- 
ditions are essential to cause the disease (c) the implantation of pneumococci 
in the teiminal airways either by inhalation or by aspiiation of infected fluid, 
{h) the piesence of a viscous medium, which prevents their rapid expulsion from 
this region of the lung, and (c) local iriitation such as may be caused by mild 
infection of the lespiratory tiact The escape of infected fluid exudate from the 
upper lespiiatory tract past the epiglottis pla3^s a much more impoitant lole in 
the inception of pneumonia than does the inhalation of bacteria-laden dioplets The 
spread of infection within the lungs is bi ought about by the migration of infected 
thin edema fluid 

In discussing the cause of postoperative pneumonia Robertson lefeis to the 
work of Nungester and Klepsei, who show hov impoitant closuie of the epiglottis 
IS in pi eventing aspiiation of fluid Atelectasis is also a factoi in hindeiing the 
expulsion of exudate and favoring pneumonia Pneumonia is particulaily liable to 
occur if there is mild infection of the respiratoi) tract to provide the factor of 
nutation Iriitation, theiefore, is a more decisive factoi than obstruction in 
detei mining the inception of pneumonia 

Nungester and Ins associates show that m addition to the piesence of viscous 
material in the lungs to favor the development of pneumonia, the lelatne force of 
inspiiation and expiiation is also important in determining whethei mucus is 
aspirated oi expelled 

An inteiesting experiment was made b} linking fluorescein ]soc}anate to the 
antibody of type III pneumococcus ®- The antibody conjugate could be specificall} 
stained in localized aieas in mice infected with type III pneumococcus The method 
seems to be a valuable one to demonstiate antigens m tissues, especially m investi- 
gations to detei mine the damage supposedl}’’ resulting from union of antigen and 
antibody, and peihaps in locating the sites of certain viruses 

Another unexpected antigenic relationship of pneumococci to unrelated bacilli 
was described in hvo papers®® Several }ears ago a relationship between t}pe II 
pneumococci and. type B Fiiedlandei bacilli was discovered, now' one learns that 
type VI and type XXIX pneumococci and type B Haemophilus influenzae have 
ceitain capsular antigens in common 

Otho Bactenal Pneitmoma ^: — Studies on the clinical and pathologic aspects of 
staphylococcic pneumonia have been published Staphylococcic pneumonia may 
develop m patients with influenza and may assume epidemic propoitions in local 
areas during an epidemic of influenza It assumes ^arlous fonns and has ^arlous 
sequels 

51 Nungester, W J , Klepser, R G , and Kcmpf, A H Consideration of the ^Respirator} 
Pattern as a Predisposing Factor in the Etiologj' of Pneumonia, J Infect Dis 71 57-60 (Jul}- 
Aug ) 1942 

52 Coons, A H , Creech, H J , Jones, R N, and Berliner, E The Demonstration of 
Pneumococcal Antigen in Tissues by the Use of Fluorescent Antiliody, J Immunol 45 159-170 
(Nov) 1942 

53 Neter, E Antigenic Relationship Between H Influenzae Type B and Pneumococcus 
Type VI, Proc Soc Exper Biol &. Med 52 289-292 (April) 1943 Zepp, H D , and Hodes, H 
L Antigenic Relation of Type B H Influenzae to Type 29 and Type 6 Pneumococci, ibid 52 
315-317 (April) 1943 

54 Finland, M , Peterson, O L, and Strauss, E Staph} lococcic Pneumonia Occu^ing 
During an Epidemic of Influenza, Arch Int Med 70 183-205 (Aug ) 1942 Wollenman, 0 J 
and Finland, M Pathology of Staphylococcal Pneumonia Complicating Clinical Influenza, 
Am J Path 19 23-41 (Jan ) 1943 
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A case of pneumonia caused by Micrococcus tetragenus is reported °° A case 
of pneumonia was reported in which Trichomonas buccahs was thought to be the 
cause, but evidence therefor is doubtful The mere presence of certain inici o- 
organisms does not always indicate a causal relationship to disease The same 
ciiticism may be applied to the alleged causative relation of Streptococcus vindans 
to cases of pneumonia 

Pneumococac Meningitis — Hodes Smith and Ickes repoit their results in 
ti eating patients for pneumococcic meningitis Of 60 patients, recover}’- occuned 
in 42 pel cent after tieatment with sulfapyndine, sulfadiazine or sulfathiazole 
Sixty-foui per cent of patients over the age of 2 lecovered This peicentage is 
much higher than that obtained by others Twenty-nine patients received specific 
seium in addition, but the authois were unable to say that those who received it 
were aided moie than those treated by chemotberapy alone 

Stieptococa — An interesting point of view in regard to infection with hemo- 
lytic sti eptococci IS proposed by Boisvert and his associates Sti eptococcic infec- 
tion, the)'- believe, may be compaied with tubeiculosis to advantage, and the teim 
“streptococcosis” mtioduced to embrace it In both conditions, fiist infections and 
reinfections have similar characteristic peculiarities In early infancy, for example, 
hemolytic streptococcic infection behaves as a subacute disease, often lasting six 
weeks, which ma}'- be legarded as a clinical entity called “streptococcic fever, child- 
hood type ” In later life, reinfection is more apt to cause short violent local disease 
like acute tonsillitis, which may be called “sti eptococcic fever, adult type ” Scailet 
fevei may be a manifestation of a special allergic condition m a child who had 
previously had streptococcic fever 

Further analogy with tuberculosis is suggested by the carrier or latent state, 
designated “latent streptococcosis ” A study of the records of neaily 5,000 
children at the New Haven Hospital indicates that 14 per cent had “streptococcosis” 
and that m 25 per cent hemolytic streptococci were piesent in the nose, throat oi 
elsewhere as “latent streptococcosis ” In studying the authors’ concept one wonders 
whether or not their plan may not be generalized and applied to other infectious 
diseases, such as those caused by pneumococci and staphylococci and perhaps those 
caused by certain filtrable viruses as well 

An explosive outbreak of hemolytic streptococcus sore throat occurred m a 
military camp m June 1942 Ten pei cent of 3,000 men were sick The disease 
seemed to be caused by massive inoculation originating from a common souice, 
since there was no evidence of spread from person to person The epidemic affected 
nearly 200 soldiers during the first two days, after which it rapidly disappeared 
Although the disease was disabling, it was seldom grave and seemed to be caused 
by massive infection with hemolytic streptococci of type 15, group A, rather than 
with fi particularly virulent strain Theie were few complications, but a scarlatinal 
rash occuned in 25 The severity was not different m those with or without 

55 Tobin, W R Pneumonia Caused by Micrococcus Tetragenus, I A M A 121 41 
(Ian 2) 1943 

56 Glaubach, N , and Culler, E J Pneumonia Apparently Due to Trichomonas Buccahs 
JAMA 120 280-281 (Sept 26) 1942 

56a Solomon, S , and Kalkstem, M Pneumonia Due to the Streptococcus Vindans Am T 
U Sc 205 766-770 (June) 1943 

Hodes, H L , Smith, M H D , and Ickes, H J Sixty Cases of Pneumococcic Menin- 
gitis Treated vith Sulfonamides, JAMA 121 1334-1337 (April 24) 1943 

58 Boisvert, P L , Darrow, D C , Powers, G F and Trask, J D Streptococcosis in 
Children A Nosographic and Statistical Study, Am J Dis Child 61 516-534 (Sept ) 1942 

59 Bloomfield, A L , and Rantz, L A An Outbreak of Streptococcic Sore Throat m a 
Camp J A U A 121 315-319 (Jan 30) 1943 
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exanthem In no case did iheumatic fevei or nephiitis occui as a sequel In 
incidental discussion the authors again raise the point as to whethei hemolytic 
sti eptococcus tonsillitis and scailet fever should be consideied as sepaiate diseases 
01 not They favor the view, as do many otheis, of regarding them as one disease 
with diffeient manifestations but subject to the same i tiles of quaiantine 

Extensive reseaich in streptococcic infection was made by Rantz and his 
co-workers In one repoit®° they state that, of 392 stiains of streptococci from all 
human souices except the rfespiratoiy tract, only 6 6 per cent belonged to group A 
and only 28 per cent wei e beta hemolytic , the remainder were of the viridans or 
nonhemolytic vai lety Group A hemolytic streptococci therefore are seldom present 
anywhere except in the lespiratoiy tiact Of the 392 strains, 82 pei cent could be 
assigned to one of the Lancefield groups A, B, C, D, F, G and H The majority 
were of group D, which are exceedingly resistant to the action of the sulfonamide 
compounds 

Hemolytic stieptococci othei than those of group A may cause seveie infection 
in man Of 13 cases of septicemia, 6 weie due to such organisms — 4 to those of 
gioup B, 1 to those of gioup C and 1 to those of group D Sulfanilamide was 
useful against each group except D It is obvious that it is desirable to determine 
the gioup and the type numbei of all hemolytic streptococci causing infections as 
a guide to therapy and prognosis 

The value of each of vaiious tests used for the determination of infection with 
the hemolytic sti eptococcus was briefly discussed The authors applied the slide 
agglutination method foi types 1, 2, 4, 6, 9, 11, 12, 13 and 25 to the serums of 
47 normal persons and compared the results with the antitoxic immunity by means 
of the antisti eptolysin measuiement Almost one half of these persons had 
agglutinins for one or nioie types m a liter of 1 4 or less, and these had not 
had previous known infections with Str haemolyticus However, foi 47 per cent 
of those who had had such infections the titei was 1 4 and in some cases as high 
as 1 8 No con elation was found between the amounts of circulating agglutinins 
and the amount of antistreptolysin Among 24 patients with scarlet fever, 
agglutinins were demonstrated in only about one half Agglutinins for heterologous 
types also developed occasionally In 2 cases agglutinins were piesent at the 
onset of the disease, indicating that they in themselves do not confei immunity 
Similai studies are in progiess to determine whethei the slide agglutination test 
will be of value in the diagnosis of rheumatic arthritis and iheumatic fever, but 
the authois are doubtful of its value because of the presence of antibodies in so many 
normal persons 

Enterococci, a gioup of hemolytic and nonhemolytic streptococci of Lancefield’s 
group D, are isolated from human souices®^ other than the respirator)’- tract more 
frequently than any othei streptococci They are of low mvasiveness but may be 
the cause of otitis media, endocai ditis, peritonitis and infections of the urinary 

60 Rantz, L A The Serological and Biological Classification of Hemolytic and Non- 
hemolytic Streptococci from Human Sources, J Infect Dis 71 61-68 (July-Aug ) 1942 

61 Rantz, L A , and Kirby, W M M Hemolytic Streptococcus Bacteremia Report of 
Thirteen Cases with Special Reference to Serologic Groups of Etiologic Organisms, New 
England J Med 227 730-733 (Nov 12) 1942 

62 Rantz, L A , Kirby, W M M , and Jacobs, A H Group A Hemolytic Streptococcus 
Antibodies I Griffith Type Agglutinin and Antistreptolysin Titers m Normal Men and in Acute 
Infections, J Clin Investigation 22 411-418 (May) 1943 

63 Rantz, L A , and Kirby, W M M Enterococcic Infections An Evaluation of the 
Importance of Fecal Streptococci and Related Organisms in the Causation of Human Disease, 
Arch Int Med 71 516-S28 (April) 1943 
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tract They are exceedingly resistant to the bacteriostatic effects of sulfonamide 
compounds 

In another study tests were perfoimed on children before and after tonsil- 
lectomy Children who were carriers of Str haemolyticus were found to have an 
increased amount of antibody When the carrier state was terminated by tonsil- 
lectomy, there was a constant decline in the titer of antistreptolysin within sixty 
days, but no consistent fall in the titer of agglutinin Any interpi etation of these 
results should not be oversimplified and should not be used to support the practice 
of routine lemoval of tonsils It is probable that hemolytic stieptococci may be 
harbored in lymphoid tissue in the lespiiatoiy tract other than the tonsils 

In a review of the subject of focal infection as it pertains to ophthalmology 
Woods has come to the conclusion that the removal of minor and symptomless 
foci of infection as a cure-all for endogenous ocular disease has no place m modern 
practice 

Rhoads and Afremow ““ found hemolytic streptococci to be the cause of two 
thirds of the attacks of tonsillitis, pharyngitis, laryngitis and sinusitis in young 
adults Persons who cany hemolytic streptococci m their throats or gi een -forming 
streptococci in their noses usually have active infection or are convalescent from 
active infection Twenty per cent of a group of students weie found to be carriers 
of Str haemolyticus Green-forming cocci, including both streptococci and pneumo- 
cocci, were found in all cultures of secretions from throats and are therefore 
regarded as normal inhabitants of the pharynx Carriers of hemolytic streptococci 
are potential sources of infection for others and peihaps ought to be quarantined 
Methods such as the administration of sulfanilamide, the application of ultraviolet 
rays or the spraying of the throat with a solution of tyrothricm had no effect in 
ridding carriers of their streptococci Spraying the throat with a solution of sodium 
sulfathiazole was effective m some cases 

In the experience of Colebrook and his co-woikers nonhemolytic streptococci 
were cultured fiom 13 patients suffering from a disease like that caused by group 
A hemolytic sti eptococci All 1 3 strains reacted specifically m group A antiserum, 
and 11 were agglutinated by type XII antiseium The infections caused by these 
11 strains developed shortly aftei infections with type XII hemolytic streptococci 
had occurred in the wards Both the hemolytic and the nonhemolytic type XII 
strains weie insensitive to sulfanilamide These observations indeed seem to add 
confusion and uncertainty to identifications by grouping and typing and raise the 
old question of the relationship between the hemolytic and the nonhemolytic forms 
Are they variants of each other or may a ceitain stiain lose and gam hemolytic 
ability under different conditions? In anothei study Oigam and Poston®® report 
the presence of two or more species of liacteiia in 6 patients with endocarditis In 
3 of the patients both Str haemolyticus and Str viiidans weie piesent, in 1, Str 
haemolyticus and Stieptococcus faecalis, and in the lemainder, other bacteria 

64 Rantz, L A , Jacobs, A H , and Kirby, W M M Group A Hemolytic Streptococcus 
Antibodies II Griffith Type Agglutinin and Antistreptolysin Titers in Carriers and Non- 
Carners, J Clin Investigation 22 419-423 (May) 1943 

65 Woods, A C Focal Infection, Am J Ophth 25 1423-1444 (Dec ) 1942 

66 Rhoads, P S , and Afremow, M E Streptococcic and Pneumococcic Infections of the 
Nose and Throat in Young Adults Incidence, Epidemiology and Clinical Features, Arch Int 
Med 71 443-453 (April) 1943 
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by Nonhemolytic Group A Streptococci, Lancet 2 30-31 (July 11) 1942 
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An apparently successful attempt was made to classify stiains of Str vindans 
into specific seiologic types Of 205 strains, 66 per cent could be consideied as 
belonging to fouiteen types Fifty per cent of the strains of Str vindans obtained 
fiom mouths and throats belonged to types I and II Theie was no endence that 
significant dififei ences of vii ulence w'ei e connected wnth special types , invasiveness 
seems to depend moie on the lesistance of the host It would he inteiesting in 
view of Colebrook’s obseivation to learn if any of these stiains of streptococci are 
clumped by the standard type-specific seitims prepaied wnth hemoljtic stieptococci 

In suppoit of the contention of Bloomfield and Rantz that scailet fever is not 
a disease entity, it appeals that erythrogenic toxins made by othei bacteria may 
also cause scailatmifoim i ashes In this lespect little attention seems to have 
been given to eailiei w'oik on the staphylococcus, hut Aranow and Wood"® report 
a case in which the causative staphylococcus pioduced an erythiogenic toxin which 
w'as neutialized by the usual scailatmal antitoxin The disease w'as identical with 
scarlet fevei, 3 'et no beta hemolytic streptococci were isolated 

Rheumatic Fevci — In a fifteen jeai stud}' of the records of 12,000 patients 
Cohn and Lingg confirmed most of the previousl}' established concepts of 
iheumatic fevei in regaid to its incidence according to age, the frequenc}' of 
aithritis, myocaiditis and choiea at diflereiit ages, and the eventual outcome The 
peak of incidence is m the eighth yeai of life ^t all ages pol) arthritis is the most 
frequent single manifestation Befoie the age of 10 \alvular lesions are the first 
manifestation m 10 pei cent of the patients, after 40, in 80 per cent Ten per cent 
of the patients lived moie than thirty yeais aftei the first attack, and 50 per cent 
died w'lthin nine years The mean duration of life w as thirteen years Recuri ences 
are most pievalent hefoie pubeit) The joungei the patient at the onset of the 
disease, the greatei is the chance that infection will he severe during the next few' 
years Less than one half of the children with scACie infection sunive childhood 

In four publications the lesults of studies on chemoprophylaxis of iheumatic 
fever aie discussed, W'lth the idea that if predisposing infections with hemolytic 
streptococci can be pi evented, rheumatic fever or its relapses will not occur 
Small daily doses of sulfanilamide w'eie given continually to a group of children 
during the w'lntei months, and in each repoit the incidence of streptococcic infec- 
tions and of iheumatic fever was said to he greatly reduced as compared w'lth that 
in control groups not so treated Toxic eflects occur led in about 15 per cent of 
the subjects in one senes, but w'ere not serious The lesults of these studies 
reemphasize the etiologic importance of group A hemolytic streptococci in rheumatic 
fevei 
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Similai good lesults in pi eventing attacks of rheumatic fe\ei were obtained 
when acetylsahcyhc acid was used in daily doses of 4 to 6 Gm '■* In only 1 of 47 
patients so tieated did iheumatic fever develop aftei a hemol)tic streptococcus 
infection, while 57 of 139 similar but untreated patients had i eci udescences If 
these lesults are confirmed, it would seem prefeiable to use the salicylic acid drugs 
in place of the sulfonamide compounds because of their relative nontoxicity 

In a clinical study of 271 cases of iheumatic fever in children, the disease in 
one third of them w'^as at fiist mistaken foi poliomyelitis, osteomyelitis, erythematous 
01 purpuric reactions of the skin, nephiitis, sepsis, pneumonia subacute bacterial 
endocaiditis and othei low grade infections It was unusual that pyogenic arthiitis, 
syphilis, scurv)% seium sickness or trichinosis wdnch are often mentioned m 
differential diagnosis, weie not suspected m any of the cases studied 

Mcmngococcic Meningitis — An epidemic of memngococcic meningitis as seveie 
as the epidemic of 1929 was rampant in the wnnter of 1942-1943 

Branham finds rabbit antimeningococcus serum to be superior to the hoise 
seium Refined, concentiated rabbit serum is sometimes ten times as potent as 
the hoise serum now'’ in use Antiseium is still of value in treating menmgococcic 
meningitis, especially in patients w'ho cannot tolerate sulfonamide compounds It 
IS preferable always to determine the type of the causative meningococcus and to 
give specific type antiseium if possible Howevei, since this is not always possible, 
polyvalent serum may be used In all epidemics studied in the last tw'enty }eais 
90 per cent of the strains have been included in gioup I 

In seal clung for a better method by which to identify members of the Neisseiia 
group of cocci Phair and co-workers found chicken serum to be useful Various 
strains of meningococci and gonococci injected into chickens evoked highly specific 
agglutinating serums, which provided a rapid and dependable means of identifi- 
cation 

BACILLARY DISEASES 

BaciUaiy Dysenteiy — In the studies of Penner and Beinheim'^^ on the genesis 
of dysentery, the toxins of Bacillus dysenteriae (Shiga) when injected into animals 
caused a shockhke state with compensating vasoconsti iction m the small intestine 
and formation of a diphthei la-hke membrane The reaction is not specific, as it 
may be caused by other procedures Toxin applied directly to the bowel wall 
caused no harmful local effect until aftei it had been absorbed If the same 
mechanism is operative in human infection, bacillary dysenteiy is to be regarded 
not as a local disease of the intestines but as a systemic one with secondary lesions 
m the intestines In this case the superiority of sulfaguamdme over the more 
soluble sulfonamide compounds m the tieatment of bacillary dysentery may not 
be so gieat as at present supposed Support for this view' is available m Paulley’s 
repoit, ® in wdnch sulfapyridine is stated to be preferable to sulfaguanidine in 

73 Coburn, A F, and Moore, L V SaliC 3 date Prophylaxis in Rheumatic Fe\er, J Pediat 
21 180-183 (Aug) 1942 

74 Flansen, A E Diagnosis of Rheumatic Fever, JAMA 121 987-991 (March 27) 
1943 

75 Branham, S A Comparison of Rabbit and Hoise Serums in Meningococcus Infection, 
Pub Health Rep 58 478-483 (March 19) 1943 

76 Phair, J J , Smith, D G , and Root C M Use of Chicken Serum in the Species 
and Type Identification of Neisseria, Proc Soc Exper Biol Med 52 72-73 (Feb) 1943 

77 Penner, A, and Bernheim, A I Studies on the Patliogenesis of Experimental D\s- 
cnteiy Intoxication, J Expei Med 76 271-282 (Sept) 1942 

78 Paulley, J W Treatment of Bacillar} Dysentcr^ in the Middle East, Lancet 2 592- 
394 (Nov 21) 1942 



404 


ARCHIVES or IN'IERNAL MEDICINE 


tieatment In his expeiience it is of moie impoitance to maintain a satisfactoiy 
amount of the ding m the blood than m the bowel If the disease is mild, he gives 
2 Gm of sulfapyi idme, then 1 Gm every four houis until a total of 20 Gm has 
been given The aveiage period of disability m his patients was foui and two-tenths 
days As a commentary on the time-honored custom of giving hydragogues, his 
patients piogiessed just as favorably on the “do nothing, plus fluids” regimen 
Haidy and his associates'” also faA^or the use of the more readily absorbed 
sulfonamide compounds Sulfadiazine was the most effective in lapidly controllings 
massive infections with the Sonne variety of bacilli, and sulfasuxidme (succinyl- 
sulfathiazole) was the best m iiddmg convalescents and passive cairiers of Sonne 
bacilli In mild cases of dysenterj’^ lasting several days no chemotherapeutic effects 
weie noted with succmylsulfathiazole,'”" as might be expected in disease of such 
short duiation 

Seveial impoitant detailed epidemiologic investigations were made on dysentery. 
One®” concerned the Shiga vaiiety in an outbreak of infection m a ruial com- 
munity, and the otheis,®*^ the Flexnei and Sonne types among inmates of an insti- 
tution The studies represent an enoinious amount of bactenologic w'ork and 
bookkeeping, the difficulties of wdiich few who have not engaged in such research 
can appieciate In general they reemphasize the importance of direct contact and 
lack of cleanliness m the spread of the disease In one study djsentery bacilli 
w^ere found m 66 per cent of 13,000 stools from persons without dysentery The 
pievalence of ckiners varied from time to time — from none to 26 per cent The 
Sonne variety of bacilli w'ere more persistent than others The ratio of clinical 
infections to carrier states m one group w'as as 1 7 for the Flexner variety and 
as 1 24 for the Sonne variety Infection with one variety conferred no immunity 
against another The probable mode of tiansmission m most cases is through 
pel son to person transmission of fecal pollution Theie is e\ery reason to believe 
that any insect crawding first on infected material and then on food may con- 
taminate It, but only recently have ants been incriminated 

A leview^ of the bactenologic aspects of d3^sentery bacilli has been published®” 

Typhoid Fevei — One of the few' reported epidemics of typhoid fe\er associated 
w ith a “small colony variety” of Eberthella ty'phosus, type E, occurred in Georgia ®‘ 
Apparently large colony valiants appeared among the small ones on culture 
mediums, and their biologic reactions w'ere similar It is important to know that 

79 Hardy, A V , Burns, W , and DcCapito, T Studies of the Acute Diarrheal Dis- 
eases X Cultural Observations in the Relative Efficiency of Sulfonamides in SlngeHa Dvs- 
entenae Infections, Pub Health Rep 58 689-693 (April 30) 1943 

79a Roberts, T L, and Daniels, W B Succln^ Isulfathiazole in the Treatment of 
Bacillary Dysentery, JAMA 122 651-653 (July 3) 1943 

80 Caudill, F W , Teague, R E, and Duncan, J T A Rural Shiga Djsentcr\ Epi- 
demic, JAMA 119 1402-1406 (Aug 22) 1942 

81 Hardy, A V , Shapiro, R L , Chant, H L , and Siegel, M Studies of the Acute 
Diarrheal Diseases IX A Shigella Dyscntenae Infections Among Institutional Inmates, 
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IX B Shigella Dysenteriae Infections Among Institutional Inmates, ibid 57 1095-1102 (July 
24) 1942 
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83 Weil, A J Progress in the Study of Bacillary Dysentery, J Immunol 46 13-46 
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unusual oi vaiiant foims of pathogenic bacteria may cause disease, and laboratory 
technicians must be aware of their existence so that they will not be discarded as 
contaminants 

Edwards and Bruner report the classification of 3,000 cultures of Salmonella, 
among which were 59 types Practically all stiains of human origin may be easily 
classified by using eight “O” serums m the slide agglutination test It is gratifying 
that a numerical system of type nomenclature may eventually supplant the use of 
other, often unsatisfactoiy, terms 

Biiicellosis — Because some investigators reported the isolation of brucellas from 
the lymph nodes in Hodgkin’s disease and suggested a possible i elationship betw een 
the tw^o diseases, Bloomfield restudied the problem He found that enlargement 
of superficial lymph nodes was not uncommon in brucellosis, occurnitg in 58 per 
cent of 50 cases Therefore, because of many other similarities betw^^een the tw'O 
diseases, even including the histologic changes in the lymph nodes, it is easy to 
confuse them It is unlikely that brucellosis has any connection wuth Hodgkin’s dis- 
ease Martin reports that the mediastinal lymph nodes were shown enlarged m 
roentgenograms m 6 cases of undulant fever Pressure from these nodes was 
thought to be the cause of a dry, irritative cough in an occasional case 

Angle and his associates show that it is important to use standardized pol}-- 
valent antigens prepared against five to ten strains for the diagnostic seiologic tests 
m brucellosis because of the vaiiations of specificity encountered Wide variations 
in agglutination were noted m the different tests even on the same sample of blood 

Tetanus — According to experience in the British Army,®” tetanus bacilli are 
larely found m the soil in the Middle East but are commonly present in w^ounds 
(8 4 per cent) In one group of 18 patients with tetanus 5 had been actively 
immunized with two or three doses of toxoid, but none had received antitoxin after 
injury Of 7 who recovered, none had been immunized It becomes moie and 
more appaient that while immunization against tetanus is a valuable pioceduie, it 
is not always successful m preventing the disease or m lessening its severity 
In several papers m the March issue of the Journal of Chmcal Inveshgation, Mueller 
and his associates report the production of tetanus toxin in peptone-free media, 
and the production and use of toxoid made from it This method of production is 
advantageous m eliminating other factors which may give rise to undesirable 
foreign protein reactions when tetanus toxoid is reinjected for purposes of 
immunization 

According to Cooke and Jones,”® the immunity passively obtained with the 
usual prophylactic dose of 1,500 units of tetanus antitoxin lasts only about three 
weeks, but that obtained with large doses, e g , 100,000 units, was demonstrable 
for eleven weeks Repeated injections of tetanus toxoid did not produce antitoxic 

85 Edwards, P R , and Bruner, D W The Occurrence and Distribution of Salmonella 
Types in the United States, J Infect Dis 72 58-67 (Jan -Feb) 1943 

86 Bloomfield, A L Enlargement of the Superficial Lymph Nodes in Biucella Infec- 
tion, Am Rev Tuberc 45 741-750 (June) 1942 

87 Martin, W S Mediastinal Glands in Undulant Fever, J Michigan M Soc 41 1051- 
1052 (Dec) 1942 

88 Angle, F E , Algie, W H, and Morgan, D Brucellosis Studies Emphasizing 
Strain Vaiiation in Serologic Testing, J Lab & Clin Med 27 1259-1263 (July) 1942 

89 Boyd, J S K, and Maclennan, J D Tetanus m the Middle East, Lancet 2 745- 
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90 Cooke, J V, and Jones, F G The Duration of Passu e Tetanus Immunity and Its 
Effects on Actue Immunization wnth Tetanus Toxoid, JAMA. 121 1201-1209 (April 10) 
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immunity \\ithm seveial weeks Toxoid is probably of value in immediate pro- 
phylaxis only after the subject has had pievious ‘ sensitizing” injections of toxoid 

TMaicmm — An epizootic of tularemia among beavers in Montana is desciibed 
Since these animals did not harboi the usual insect vectois of this disease, the souice 
of the disease is unknown It is possible that infected field mice living m the 
vicinity \vei e the soui ce The beavers may have become infected by living in w^ater 
polluted with mine oi with caicasses of infected mice Watei in seveial of the 
streams tested contained Pasteuiella tulaiensis 

Although no one has heietofoie jircpaied an efficient vaccine against tularemia 
Foshay and his co-wmrkeis now lepoit success A vaccine prepared by oxidizing 
the bacilli with nitrous acid ajipaientl) gave complete protection to some exposed 
pel sons, and in those in whom disease did occur it was mild 

Anthiax — The contioveisy as to the best method of treating anthrax is still 
undecided Gold review's 60 cases and concludes that sulfathiazole therapy should 
be given m pieference to other foims of treatment While in his experience anti- 
anthrax seium IS helpful the large amounts used often provoke distressing serum 
sickness, and neoarsphenamme is of little \alue These conclusions vary from those 
previously published by Lucchesi who also has had extensive experience w'lth the 
disease He uses neoai sphenammc in prefeience to sulfonamide compounds but 
agiees that antiserum is of value Roth agree that the local lesion should not be 
molested It is obviously difficult to gage the comjiarative value of the various 
foims of theiapy in the absence of control therapeutic tests It is ni) feeling that 
the great majority of patients with anthrax reco^er without therapy and that the 
moitalit) rate is low'er than is usually behe\cd It is almost certain that a person 
W'lth a small pimple caused by anthrax without constitutional symptoms and such 
cases no doubt occui , will not even seek medical advice, and if he does the real nature 
of the infection may not be recognized without bactenologic studies Nevertheless 
because of the dangei of a mild infection becoming rapidly worse and because of 
the fatalities which do occur furthei attempts to develop efficient specific therapy 
are desiied 

Pofitssis — Protection against whooping cough bj the injection of the toxin of 
Haemophilus pertussis is feasible but this toxin is of no value if used after the dis- 
ease IS established ■'* Dauer '' w'ho made a statistical study of pertussis points out 
that peitussis vaccine has not been used m a laige enough number of persons or 
for a long enough time to peimit judgment of its effect in i educing the mortality 
rate from the disease Fuitheimoie, if the moitahty rate which declined spon- 
taneously by 80 per cent m the past fifteen yeai s. continues to decline so rapidly it 
will not be possible to piove statisticallv the value ot any prophylactic measure 
Since 40 per cent of deaths occui in infants under 6 months of age vaccination it 
used would have to be started at an extiemely early age, at an age at which 
the effectiveness of vaccine is not know'ii 

91 Jellison, W L , Kohls, G M , Butler, W J, and Weaver J A Epizootic Tular- 
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Pertussis may result m hemorrhagic, iiiflammatoiy and degenerative changes 
in the cerebrum, a fact which was known yeais ago and recently leemphasized 
The disease in infancy may be the cause of eventual mental derangement, with 
troublesome problems of behavior and psychoses Among a group of 500 such chil- 
dren, nearly one half had had pertussis Diabetes insipidus has also occuiied after 
pertussis 

Two cases of septicemia with Bacteiium neciophorus aie repoited and the 
literature on the subject leviewed by Buhler, Seely and Dixon®' 

Tube} ciilosis — Oidway and Medlai leopen the controversial question of the 
significance of tubercle bacilli in the urine They observed that about 8 per cent 
of tubeiculous patients had tubercle bacilli in the urine and that most of these 
patients had no clinical evidence of renal tubeiculosis The presence of tubercle 
bacilli in the urine does not indicate that progiessive renal tubeiculosis will inevi- 
tably follow , healing may occur Surgical intervention should therefore be delayed 
until progressive renal destruction has been demonstiated 

Other observers ®® state that a difference of virulence as measured by tests on 
guinea pigs can be detected in tubeicle bacilli isolated fiom patients with fiesh, 
active disease as compared with those fi om patients with chronic infection Accord- 
ing to this obseivation, tubercle bacilli apparently gradually lose then viiulence 
in patients as well as on aitificial mediums ovei long periods The lesults need 
confiimation 

Lepi osy — In an epidemiologic discourse on leprosy McCoy points out the 
differences m consequences after the disease had been brought to different parts 
of the United States For example, m Louisiana, Florida and Texas its importation 
led to the establishment of permanent foci, while in the midwestern states and in 
California the disease failed to peipetuate itself In the latter areas and elsewheie 
leprosy is of little importance 

In legard to the tieatment of lepiosy McCoy concludes that chaulmoogra 
oil and its deiivatives are of little or no cuiative value and that their unpleasant 
side effects probably outweigh any advantage to the patient that might acciue from 
then use He cites similar opinions of a number of other authorities 

Both fleas and ticks wei e suggested as possible vectors of leprosy 

Accoidmg to two Cuban deimatologists,^®'* a change in the classification of 
leprosy from the cutaneous, neuial and mixed types decided on at lecent congresses 
IS desirable They and many South American leprologists deem it wiser to classify 
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97 Buhler, V B , Seely, C W, and Dixon, D D Bacterium Neciophorus Septicemia 
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the disease on a pathologic basis as (a) lepromatous, with nodular infiltratne 
lesions, (b) tubeiculoid, with infiltrated annular lesions, and (c) nonspecific, with 
maculai manifestations of the skin and simple dystrophic neural disorders Leprom- 
atous lesions are iich m Hansen’s bacilli, while m the other two forms bacilli 
aie raie The lepromin leaction is said to be positive only m patients with the 
tuberculoid type, but as it is also positive m normal people, it is unreliable as a 
diagnostic test The authors’ discussion of the i eaction is confusing One wondei s 
if the new classification is actually an improvement over the old and whether it 
IS wmith while to give so much attention to clinical classification 

VIRAL DISEASnS 

“Vi^al ’ Pneumoma — A comprehensive review of the subject of “viral” pneu- 

monia and numeious clinical studies published duiing the year indicate how wide- 
spread the disease oi gioup of diseases is As reported by Duggan and Pow'ers 
and by several others,^”’ it appeared m epidemic form in numeious military camps, 
and the incidence there, as elsewdiere, often far exceeded that of other known types 
of pneumonia In New' York the board of health has now required that it be reported 
Unfortunatel} , against the advice of all w'ho have written on the subject, the sulfon- 
amide compounds have been widely and unnecessarily used in its treatment In 
one repoit^°® the undesiiable term “sulfonamide-resistant pneumonia” is actuall} 
used to desciibe the disease In another,^'*” an equally bad term, “silent broncho- 
pneumonia,” IS applied because of the t3'pically delayed ajjpearance of pulmonary 
signs of pneumonia The authors <ippecir to be unfamiliar with the literature on 
the subject In describing an epidemic m an army camp, Campbell and his asso- 
ciates criticize the numeious names thus far suggested but add a w'orse one 
themselves, “acute bronchiolitis with associated atelectasis” In a small group of 
cases, according to one report,^'’ convalescent serum gaA e good results m shortening 
the disease The report is unconvincing as to the specificit} of the effects stated 

As I stated elsew'herc,^^^ it seems that the disease cntit\ primarj' at}pical pneu- 
monia, commonly called viial pneumonia, appeals as a fairh uniform clinical sjn- 
drome in tw'o general forms (n) as a sporadic or epidemic, slightly contagious 
systemic disease with a lelatively long incubation period, {b) as the severest type 
of involvement in large epidemics of mild contagious local disease of the respira- 
tory tract w'lth a short incubation peiiod, usually in the cold months If this 
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227 378-385 (Sept 3) 1942 

106 Duggan, L B , and Powers, W L An Acute Respiratorj Infection Resembling 
So-Called Acute Pneumonitis A Report of Fortv Cases, J Lab & Clin Med 28 524-530 
(Jan) 1943 

107 Dingle, J H , Abernathy, T J , Badger, G F , Buddingh, G J , Feller, A E , 
Langmuir, A D , Ruegsegger, T M , and Wood, W B Pnmarj Atypical Pneumonia, 
Etiology Unknown, War Med 3 223-248 (March) 1943 

108 Gsell, O , and Engel, M Sulfonamid-resistente Pneumonien, Schweiz med Wchnschr 
72 35-38 (Jan 10) 1942 

109 Andrus, P M Silent Bronchopneumonia, Canad M A J 47 339-344 (Oct) 1942 

109a Campbell, T A , Strong, P S , Grier, G S , and Lutz, R. G Pnmarj’- Atj pical 

Pneumonia A Report of Two Hundred Cases at Fort Eustis, JAMA 122 723-729 
(July 10) 1943 

110 Flexner, M , and Garon, M L Virus Pneumonia Treatment with Convalescent 
Blood, Kentucky M J 41 5-13 (Jan ) 1943 
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classification is collect, a loose airaiigemeiit of the few k^o^\n causes of the 
genuine viial types of pneumonia may be given as follows 


Spoiad'ic Nonscasonal Fonts 

Varicella 

Vaccinia 

Variola 

Psittacosis, ornithosis, ailourosis ^^2 
Lymphogranuloma venereum 
Lymphatic choriomeningitis 
Mongoose infectious virus 
Cotton rat infectious virus 
Feline pneumonic virus 
Guinea pig infectious virus 
111 defined and unknown causes 


Eptdctmc JVtntc) Foimt 

Influenza A 
Influenza B 
Aleasles 

Cottoif rat infectious viius’^^"* 
Guinea pig infectious virus 
Unknown causes (colds, grip) 


Four newly discovered viruses have been added to the list of causes of the 
syndrome commonly called "virus pneumonia,” as indicated m the foiegoing tabu- 
lation, but the cause of the ‘Viral pneumonia” in the majority of the cases, especially 
of that which occurred m epidemic foim m the past winter, is as yet unknowut The 
four new viruses are desciibed in the four paiagiaphs that follow 

A virus was obtained by Baker fiom cats which, according to a prehminaiy 
repoit, has seveial charactenstics that suggest its relation to the psittacosis- 
ornithosis-menmgopneumomtis group discussed in last year’s 1 eview If a relation- 
ship does appear, and if precedence in nomenclature is peimissible, the agent may 
be named ailourosis virus Antigen prepaied with this viius gave complement 
fixation in the serum of a numbei of patients who had atypical pneumonia at the 
same time that a similar epizootic occuried among cats The same virus was 
thought to be lesponsible in both the human patients and cats, and cross infection 
may have occurred 

Cats were suspected by Blake, IToward and Tatlock as the source of another 
virus which may be the cause of pneumonia in man Evidence suggests that the 
infection m cats was tiansmitted to several members of a family, sick at about the 
same time Neutiahzation tests with patients’ serum and the cat virus gave sug- 
gestive evidence that the same virus caused the disease in both species The virus 
could be passed serially tin ough kittens but not through mice, an observation which 
diffeientiates it from certain other viiuses now 1 elated to atypical pneumonia 

Eaton and his associates report the transmission and adaptation of a viius 
from 6 patients with atypical pneumonia to cotton rats The virus is apparently 
not related to other known viruses It was paitially and 11 regularly neutralized by 
the serum of patients convalescent from pneumonia However, rats immunized by 
inoculation of adapted stiains were immune to reinfection with material from a 
human lung which produced pneumonia in controls, but rats immunized wuth mate- 
rial fiom the human lung were only paitially resistant to rat stiains In the studies 
of a commission for the investigation of atypical pneumonia in an army camp,^®’’ a 
viius infectious for cotton rats was isolated from 4 patients Intracytoplasmic 
inclusion bodies weie present in the pneumonic lungs of the rats 

112 Bakei, J A A Virus Obtained from a Pneumonia of Cats and Its Possible Relation 
to the Cause of Atypical Pneumonia in Man, Science 96 475-476 (Nov 20) 1942 
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114 Eaton, M D , kleiklejohn, G , Van Herick, W, and Talbot, J C An Infectious 
Agent from Cases of AWpical Pneumonia Apparenth Transmissible to Cotton Rats, Science 
96 518-519 (Dec 4) 1942 



410 


ARCHIVES OP INTERNAL MEDICINE 


Rose and Mollo}' established a Anrus fiom 7 of 11 patients in recently Aveaned 
guinea pigs The infection could be passed to cotton rats 

Final proof of the i elation of each of these Auruses to atypical human pneumonia 
IS obviously not at hand, owing to the difficulties and unceitamties involved in the 
technic now available But it is at least evident that important knowledge is 
accruing, and it is hoped that m time the causes of the common forms of viral 
pneumonia will be discoveied 

In addition to the discoveiy of the “new” viruses, progiess has been made in 
an attempt to clarify pioblems related to viruses pieviously leported Foi example, 
Horsfall and his co-Avorkers inoculated sputum and blood from patients with 
atypical pneumonia into various animals but produced no infection which could be 
obviously propagated In 1 case, lioweA'er, primary inoculation of cotton rats caused 
pulmonary consolidation, but m subsequent passage the agent was lost This expeii- 
ence is so much like that of Stokes and Kenny and that of Francis and Magill, 
wdio obtained similar results in tiie first attempts made to study the cause of viral 
pneumonia by using nasopharyngeal A\ashings and blood from the patients Avhose 
cases I repotted m 1938, as to suggest that Ave ma> have dealt Avith the same oi a 
similar Aurus At any rate, the evidence obtained m the AAork of Hoisfall and his 
associates suggests that the infective agent is antigenicall) related to and biologically 
similai to the pneumonic viius of mice and to the mongoose infectious virus, both 
pieviously discoveied by him Here again, because of the difficulties of technic and 
the irregulai ities in results, conclusions must be interpreted AAith caution 

On somewdiat more certain giound is AAork giving evidence of infection Avith 
ornithosis virus in human cases of “viral ’ pneumonia In my oaaii experience in 
4 of 8 cases infection Avith the psittacosis-oinithosis gioup of Auruses AAas suggested 
by the indirect means of the complement fixation test Three similar instances aie 
lepoited by Favour,^’" and a fouith by Stickncy and Heilman,”^ Avho isolated the 
Alius Eaton and Corey"" and Smadd found evidence of infection with dns 
group of viruses in about 15 per cent of cases of atypical pneumonia tested Smadel 
prefers not to use the teim “oinithosis” but to regard the disease as due to 
a strain of the virus of psittacosis AndreAAes and Mills,’-' aaIio isolated the Aurus 
fiom pigeons m England, aie of similar mind It must be recalled that complement 
fixation does not specifically indict any one of several Auruses each of aaIucIi reacts 
similaily, namely, those of psittacosis, ornithosis, meningopneumonitis of mice and 
lymphogranuloma A’^enereum To complicate matters moie, it has lecenth been 

114a Rose, H M , and Moho}", E Observations Concerning the EtiologA of PrunarA 
Atypical Pneumonia, Science 98 112-114 (July 30) 1943 

115 Horsfall, F L , Curnen, E C , Mirick, G S , Tliomas, L and Ziegler, J E A 
Virus Recoveied from Patients AAUth Primaiy AtApical Pneumonia, Science 97 289-290 (March 
26) 1943 

116 Reimann, H A , Havens, W P, and Price, A H Etiolog) of A.tvpical (‘Virus ) 
Pneumonias Avitli a Biief Resume of Recent Disco\’eries, A.ich Int Med 70 513-522 (Oct) 
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117 Favour, C B Ornithosis (Psittacosis) A Report of Three Cases, and a Historical, 
Clinical and Laboratory Comparison with Human Atjpical (Virus) Pneumonia, Am J M Sc 
205 162-187 (Feb) 1943 

118 Stickney, J M , and Heilman, F R The Isolation of a Virus in Atypical Pneumonia 
Proc Staff Meet , Mayo Clin 17 369-375 (June 17) 1942 

119 Eaton, M D , and Corey, M Complement-Fixation m Human Pneumonitis with 
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Lancet 1 292-293 (March 6) 1943 
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,sho\vn that the coinalescent serums from patients lecoveied fiom at}pical pneumonia 
also reacted with the antigens of influenza A, the pneumonic viius of mice, the cat 
virus reported by Bakei and m low dilution with normal tissue antigen Seitim 
repiesentmg other infectious diseases did not give positue reactions to antigen of 
the pneumonic virus of mice Ways to simplif} the complexities and a^Old 
confusion are proposed 

In anothei study it was observed that blood samples fiom the majoiity of 
patients with primary atypical pneumonia had cold agglutinins in dilutions of fiom 
1 10 to 1 10,000 at 0 C It IS suggested that the appaient regularity of this 
peculiar agglutination may be of aid in diagnosis since, according to the authors it 
IS raiely piesent in othei infections The same reaction was independently lepoited 
by Tuinei and subsequently confiimed by others^-*’’ 

Infli(en::a — The subject of influenza was recently reviewed in foui publica- 
tions^-^ Additional interesting studies have also been reported Accoiding to 
Shope,’-® lungw'orms, common parasites of swine, may serve as intermediate hosts 
for the viius of swine influenza, which the author believes to be a surviving pioto- 
type of the virus of the pandemic influenza of 1918 Apparently lungworms obtain 
the VIIUS in the pig’s lung Lungworm eggs containing the virus in “masked” form 
are shed in the pig’s feces and are m turn eaten by eaithwmims The eggs hatch 
as laivas m earthworms, which subsequently are eaten by swine The laivas 
become lungw^orms in pig’s lungs, thus completing the cycle The virus in swine 
usually lies masked and doimant in the woims or m the adjacent lung tissue, but 
the viius IS activated and clinical influenza may develop when some additional 
provocative factors operate, such as cold, wet w^eather or some other infection, 
especially infection with Haemophilus influenzae suis 

Suppoit for his views is given by the epidemiologic behavior of influenza in 
swine and the demonstration that swnne lungw^orms and earthworms harbor the 
virus undei natural conditions Instead of direct tiansmission of the virus fiom 
pig to pig by contact, small epidemics often occur simultaneously in dififerent locali- 
ties, usually m the first four months of the year, as if provoked into activity by wet, 
cold weather Field expeiiments suggest that, instead of the virus going like wnld- 
fire from diove to drove and thioughout a drove, it is probably widely seeded and 
doimant befoie the outbreak and is piovoked into activity m the pigs almost 

122 Thomas, L , Curnen, E C , Mirick, G S , Ziegler, J E , and Horsfall, F L Com- 
plement Fixation with Dissimilar Antigens in Primary Atypical Pneumonia, Pioc Soc Expei 
Biol & Med 52 121-125 (Feb ) 1943 

123 Peterson, O L , Ham, T H , and Finland, M Cold Agglutinins (Autohemagglutinins) 
in Priman Atrpical Pneumonias, Science 97 167 (Feb 12) 1943 

123a Turner, J C Development of Cold Agglutinins in Atypical Pneumonia, Nature, 
London 151 419 (April 10) 1943 

123b Horstmann, D M, and latlock, H Cold Agglutinins A Diagnostic Aid in Certain 
Types of Primary Atjpical Pneumonia, J A M A 122 369-371 (Jan 5) 1943 Turner,! C 
Nisnewitz, S , Jackson, E R, and Bcrney, R Relation of Cold Agglutinins to Atjpical 
Pneumonia, Lancet 1 765-769 (June 19) 1943 

124 Horsfall, F L Human Influenza, in Virus Diseases, New York, Cornell Universitj 
Press, 1943, pp 113-143, The Present Status of the Influenza Problem, J A A 120 284- 
286 (Sept 26) 1942 Francis, T Factors Conditioning Resistance to Epidemic Influenza, m 
Har\ej Lectures, 1941-1942, Lancaster, Pa, Science Press, 1942, pp 69-99, A. Rationale for 
Studies in the Control of Epidemic Influenza, Science 97 229-235 (March 12) 1943 

125 Shope, R E The Swine Lungw'orm as a Reser\oir and Intermediate Host for Swine 
Influenza Virus HI Factors Influencing Transmission of the Virus and the Provocation ot 
Influenza, J Exper kicd 77 111-126 (Feb) 1943 The Demonstration of Masked Influenza 
Viius in Lungworm Lanae and Swine Under Natural Conditions, ibid 77 127-137 (Feb) 
1943, Swine Influenza in Virus Diseases, New York, Cornell Uni\eisit\ Press 1943, pp 85-109 
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simultaneously After the epidemic is over, further cases seldom occur in the 
following ten months In searching old hteiature Shope found much to support 
the idea that influenza m man may originate at many remote and diveise places at 
once It then, of course, spieads secondarily fiom each focus The great rapidity 
of spread may be more apparent than leal, theiefoie, and represents a delusion 
resulting from the provocation of widely disseminated masked virus by a stimulus 
common to large geogiaphic areas Descriptions of pandemics as early as 1806 by 
Johnson and otheis show that the disease appeared to spread much faster than 
human movement could carr)'- it and that this could be accounted for only by 
assuming that multiple sources of origin existed and erupted simultaneously 

In legard to the possible relationship of the virus of human influenza to that 
of swine influenza, Hudson, Sigel and Markham’-® used Hirst’s technic to show 
that the swine virus m England is moie closely related to the human type A group 
of viiuses than is Shope’s swine virus In a hypothetic discussion Andrewes’-’ 
carries the matter of interepidemic latency of influenza virus further He suggests 
that a “basic” virus, v Inch it seems may be repi esented by Shope’s “masked” vii us, 
exists devoid of specific antigen by which it could be recognized, analogous to 
“degraded” or “rough” forms of ceitain bacteria In this state the virus may live 
as a saprophyte m man or some other host But by passage fiom host to host 
under favoiable circumstances it is enabled to inciease its antigen so that it changes 
through several “grades” of increasing specificity and virulence until it can finally 
be identified as viius A, for example, with abilit} to invade man and cause epidemics 
of clinical disease Audi ewes’ theory obviously employs the time-honored epi- 
demiologic concept of the gradual mciease of viuilence by passage through suitable 
hosts, a concept which m the past decade has been largely discarded as unproved 
in favor of the evidence that the degree of virulence of a given phase or variation 
of a bacterium or a vii us is more stable and that variations of virulence are better 
explained by the appearance, spontaneous oi otheiwise, of variant forms, each 
possessing diffeient characteiistics 

Francis ’■-® also regards influenza in pandemic form as a modification of a disease 
caused by a virus similar to those now known, and not, as some -would have it, 
as an unrelated infection arising spontaneously in a population The forces vhich 
induced pandemicity are not known, several factors must be operative In one 
localized epidemic five slightly different antigenic strains of influenza virus 
were isolated Evidence is insufficient to indicate whether a number of different 
stable viruses exist or whether influenza virus is relatively unstable and may be 
constantly altered by passage through different hosts 

Hirst’®” introduced a simple and lehable agglutinin inhibition test which 
depends on the fact that influenza vii us causes agglutination of chicken erythrocytes 
and that the addition of the specific immune serum inhibits the agglutination in 
the presence of the homologous virus but not in that of any heterologous virus 
The test gives quantitative data on influenza virus and qualitative data on influenza 

126 Hudson, A P , Sigel, M M , and Markliam, F S Antigenic Relationship of British 
Swine Influenza Strains to Standard Human and Swine Influenza Viruses The Use of Chicken 
and Ferret Antisera in Red Cell Agglutination, J Exper Med 77 467-471 (Maj) 1943 

127 Andrewes, C H Thoughts on the Origin of Influenza Epidemics, Proc R 03 ' Soc 
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128 Francis, T Epidemiology of Influenza, JAMA 121 4-7 (Mav 1) 1943 

128a Magill, T P , and Sugg, J Y Antigeincally Different Strains of Virus ^ 
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129 Hirst, G K The Quantitative Determination of Influenza Virus and Antibodies bv 
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antibodies, similar to the information obtained by other more complicated tests 
such as virus neutralization and complement fixation According to McClelland 
and Hare,^®° the virus is almost all adsorbed by the red cells, and the adsorbed \ irus 
retains its mfectivity It is evident therefore that both influenza and the viral 
pneumonias affect eiythrocytes in different and peculiar manners Hirst also 
succeeded in transmitting influenza viius directly fiom throat washings to chick' 
embryos m 28 of 54 trials 

The size of the pathogenic agent of influenza is said to be much smaller than 
100 millimicrons as once stated The agent as obtained from the infected develop- 
ing chick embryo by ultracentrifugation is spheiical and measuies only 11 milli- 
microns Influenza virus is thus one of the smallest of pathogenic agents, resem- 
bling the vii uses of poliomyelitis and foot and mouth disease 

Inflnejisa Vaccine — Henle, Henle and Stokes report good lesults fioni 
vaccination against influenza A group of 72 volunteei s, of whom 44 had received 
formaldehyde-inactivated allantoic fluid vaccine made f i om tin ee strains of group A 
virus, was exposed to active influenza A virus by inhalation Influenza developed 
in only 1 of the 44 vaccinated persons and m 10 of the 28 childien of the control 
group Numerous mild or subchmcal infections occurred among both the vacci- 
nated and the unvaccmated subjects The vaccine used m this experiment appai- 
ently was specific and of high potency against the strain of vii us used foi infection, 
since Bodily and Eaton find that the immune response to single strains of 
type A influenza virus is often not sufficiently broad to afford protection against 
other viruses within the A group which may be slightly different m specific reac- 
tivity This view might serve to explain certain failures m adequate piotection 
with vaccine as repoited by otheis Furthermoie, there appears to be a wide varia- 
tion of specificity of immune response in human beings to any influenza vaccine In 
then expel lence a few peisons vaccinated against influenza A had antibodies also 
foi B influenza This may have been an anamnestic reaction aftei a previous 
infection with the B variety 

Mild Injections of the Respn atoiy Tiact — The publication of Cowen, Diehl 
and Baker is welcome m combating ovei zealous commeicial adveitismg con- 
ceining the pievention and the tieatment of colds with vitamins In a controlled 
study, laige doses of vitamin C alone or of vitamins A, B^, Bo, C, D and nicotinic 
acid had no effect on the number or the severity of infections of the upper poition 
of the lespiratoiy tract in adults presumably on a reasonably adequate diet Diehl 
adds that even members of the control group had fewer colds than those not 
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a New in Vitro Method of Measuring Antibodies for Influenza Virus, Canad Pub Health T 
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132 Chambers, L A , Plenle, W , Lauffer, M A , and Anderson, T F Studies in the 
Natuie of the Virus of Influenza II The Size of the Infectious Unit in Influenza A T Exner 
Med 77 265-275 (]\Iarch) 1943 
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included m the expeiiment Placebos evidently give excellent lesults, and patients 
receiving them may give splendid testimonials for anything used to prevent colds 

On the othei hand, evidence both clinical and expeiimental is accumulating that 
actual deficiency of vitamins particularly of the vitamin B complex, has much to do 
with increased susceptibility to infections In an experimental study, monkeys 
given a vitamin B-free l^asic diet weie more susceptible to infections with influenza 
vnus and with Str haemolyticus 

Stokes and Henle ’•*'"* report that the vapoiization of propylene glycol in a 
concentration of 1 to 30 or 40 million paits of air in a convalescent home for chil- 
dien greatly reduced the incidence of infections of the respirator} tract Infections 
occur! ed as usual aftei the treatment was stopped In another study ultra- 
violet radiation of an m nurseiy looms, arianged so that “curtains” of radiation fell 
between infants, successfulh i educed the number of infections of the respirator} 
ti act 

Fuither evidence that the so-called common cold may be a syndrome of many 
causes is illustrated in the leport of a peculiai infection by Ohphant and Dawbei 
During April and May 1942, 200 cases occuired m a military barrack The infec- 
tion was presumably tiaced to the arrival of a person who had had bronchitis 
Eleven oi more days later the epidemic began It was characterized by fever, nasal 
discharge, malaise, conjunctivitis, cough, sore throat, pharyngitis bradycardia and 
occasionally bloody sputum Hoarseness was the lule, but little prostration 
occuired The pharynx was usually fieiy red, and legional adenopathy was present 
No shadow's appeared in the i oentgenographic lung fields, and doubtful pneumonia 
w'as present in only 2 The fever lasted one to three days, but cough and pharyn- 
gitis persisted a w'eek in most cases The leukocytes w'ere seldom increased in 
number The disease was not caused by the virus of influenza A or B or by any 
other know'll agent 

Evcephahtis — Consideiable piogiess has been made m the recognition of vari- 
ous foims of encephalitis and their relationship to one another Foi some time 
after the discovery of the St Louis type and Eastern and Western types of equine 
encephalitis they w'ere regarded as distinct forms, but Hammon classes them 
together as “arthropod-borne virus encephalitis” liowever since the virus of the 
so-called Russian spring-summer encephalitis and the vnus of Japanese encephalitis 
have also been found in aithiopods in the w'lld state it seems logical that Hammon 
should also include these infections in the aforementioned grouping If this is done 
his giouping w'lll lose significance, and it may still be desirable to apply distinctive 
names to the various i elated but slightly different neuiotropic vnuses Perhaps a 
numerical oi alphabetic nomenclature w'ould be pieferable Geographic terms or 
terms signifying certain animal or insect hosts are obviously not desirable, since 
the St Louis virus has been found elfeew'here than near St Louis, Western equine 
virus occurs in the East, and the Eastern equine virus w’as isolated from a patient 
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in Texas Furthermore, many different mammals and Inrds may ser\e as souices 
of infection Mosquitoes and ticks liave been proved to be ^ectors of the viruses 

Other interesting obseivations on the interrelationship and the widespiead dis- 
tribution of neurotropic viruses were made m Africa by Smithhurn and Jacobs 
A virus called West Nile virus, of human origin, is antigenically related to the 
viiuses of St Louis encephalitis and Japanese B encephalitis, yet distinct from 
both of them A.n epidemiologic suivey levealed all three viruses to he actne 
over bioad expanses in Central Afiica, thus moie objection to the limiting 
geographic teims now m use is piovided One wonders if evidence of the existence 
of West Nile virus or an analogue will eventually be found m the United Stales 
01 in Japan 

Still othei apparently widely separated and supposedly uni elated neuiotropic 
viius infections weie grouped togethei as being similai if not identical by immuno- 
logic methods and experiments on animals Casals and Webster show a close 
relationship between the Russian tick-boine virus of spring-summer encephalitis of 
man and the tick-home viius of the encephalitis of sheep called loupmg ill in Scot- 
land The broad relationship of the neurotiopic stains of viruses seems to be 
analogous to that of the stiains of iickettsias, such as the ones that cause Rocky 
Alountam spotted fevei, Sao Paulo tjphus and othei diseases, since lelatives of them 
01 they themselves have since been found in widel)'^ scattered regions of the woild 
As another example, tulaiemia, named for Tulare County in California, has been 
found to he endemic m Japan and thioughout Europe 

Hamsters aie susceptible to infection with the viruses of Western, Eastern and 
West Nile encephalitis and seive as useful animals for the study of the viiuses’*'’ 
Electiomicrogiaphy reveals the viius of Western encephalitis to be composed of 
spherical oi disk-shaped particles about 4 millimicrons m diameter 

The viiuses of lymphogi anuloma veneieum,^^’' rubella and heipes simplex 
were isolated fiom the spinal fluid of patients wnth meningoencephalitis In the case 
of lymphogi anuloma veneieum, symptoms of encephalitis weie dominant, and the 
inguinal lymph nodes weie only slightly enlarged Under these circumstances the 
diagnosis cannot be made clinically but lests on (1) the inoculation of spinal fluid 
into mice, (2) the complement fixation test made wuth the patient’s serum and the 
specific antigen. (3) the Frei test and (4) biops) of a lymph node In the othei 

140 Hammon, W M, and Reeves, W C Culex Tarsahs Coq , a Pi oven V’ectoi ol St 
Louis Encephalitis, Proc Soc Exper Biol & Med 51 142-143 (Oct ) 1942 Hammon, W M 
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case, lymphocytic choriomeningitis was suspected, but the virus of herpes simplex 
was isolated Reference is made on page 424 to the occurrence of lymphocytic 
meningoencephalitis in patients with pleurodynia These examples shou that 
numeious unsuspected known viruses may give use to forms of encephalitis and 
besides, theie is evidence fiom the reports of Piice^‘® and of Woodland and 
Smith that outbreaks of encephalitis occui from time to time in which none of the 
known agents seems to be implicated 

It IS hard to decide wdiethei or not icference should be made to the numerous 
original articles and discussions of other papers on the subject of encephalitis 
published by E C Rosenow'' duiing the past year Practically all deal with the 
ideas that he has held for j^ears , namely, the i elationship of streptococci and their 
supposed filtrable state to encephalitis and the use of antiserum against these strepto- 
cocci New departures in his views aie the demonstrations of “streptococcus 
antigen” and of the streptococci m question fiom the mud of a lake bottom, from 
air at a high altitude and from lain and snow in an epidemic aiea The “encephalitic 
t)'pe” of stieptococci w'as also isolated fiom dying fish, and he apparently finds it 
necessary to inform his readeis that the “transmission of encephalitis by bites of 
mosquitoes m this species w^as out of the question ’ Most investigators o\ei the 
j'^eais have found it difficult if not impossible to accept the majority of Rosenow’^’s 
tenets, but because of tlie feeling that, after all, “there may be something to 
It,” they have been reluctant to discard them in their cntiiet)’’ as fantastic obfuscation 

Pobomyebiis — In a discussion of the genesis of poliomyelitis Sabin suggests 
that the so-called signs of meningeal irritation should be regarded as the early 
signs of injuiy of the neurons instead Some neuions may be completely destroyed 
others, partly so, m wdnch paitial or complete recovery may occui The portion 
of the central nervous system which is involved depends on the neural connections 
along w'hicli the viius spreads from the peripheral source Theie is reason to 
believe that the virus invades fiom the alimentary tract thiough the fifth, seventh, 
ninth and tenth cianial nerves to cause the bulbai foim of poliomyelitis To affect 
the low'd extiemities, the virus maj' traverse tlie afleient fibers fiom the intestines 
by way of the doi sal root ganglions In the bulbar form of poliomyelitis there is a 
heavy concentration of neuronal lesions in the medulla, with few'er in the cord, 
m the spinal type the reveise occurs 

The incubation period of poliomyelitis as fai as Case}' could measure w'as 
from five to thiity-five days, wnth an aA'eiage of tw'elve daj's 

A crystalline protein fraction wdiicli may i epi esent the virus of poliomyelitis, or 
at least a protein on which it is adsorbed, w'as obtained by Racker from the brains 
of infected mice In othei experiments Bouidillon and Moore obtained an 
apparently “pure” virus by ulti acentrifugation 
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Dauer has some discouraging things to say about recent studies on polioni) elitis 
Jn spite of all the research in the past t^\enty years, little new information has 
accrued , the manner of person to person transmission is unknown , there is insuf- 
ficient evidence to incriminate water as a medium of conveyance of practical 
impoitance, and there is no proof that insects may serve as ^ectors or reservoirs 
01 that leservoirs of infection exist m lower animals 

Apiopos of Rosenow’s numerous publications on the subject of poliomyelitis, the 
same remarks as were made under the heading “Encephalitis” apply In a recent 
paper he repoits the use of a cutaneous test for the diagnosis of poliomyelitis 
and as a guide foi the amount of “poliomyelitis antistreptococcic” serum to be used 
in treatment His view that a specific streptococcus is the cause of poliomyelitis 
is at vaiiance with practically all other evidence 

Epidemic Kei atoconjimctiviiis — During the summer of 1941 there was an out- 
break of epidemic keratoconjunctivitis in Hawaii chiefly among artisans and otheis 
engaged m war work By early autumn the infection had been carried to California, 
wheie a similar occupational group was involved The peak of the epidemic 
occurred in January 1942 Since then the infection has appealed in the eastern 
pait of the United States, where it also reached epidemic proportions As usually 
happens when unfamiliai epidemics occur, it was at fiist believed to be a “nev” 
disease, but records suggest that similar ones had been reported since 1890 in 
Em ope and the Oiient It is of especial importance at present because it causes 
disability lasting fioni one to five weeks among workers and others essential to the 
war effort 

In a study of 80 cases m New York, Sanders and his group succeeded m 
isolating a filtiable virus m 2 of 9 cases The virus was apparently identical with 
one pieviously obtained m similar cases and was neutiahzed by the serum of a 
patient who had recovered from the infection Furthermore, the demonstiation of 
neutralizing antibodies in the blood of other similar patients adds support to the 
causative relation of the virus to the disease These obseivations await furthei 
confirmation 

The infection is apparently spread by contact with infected material and is 
favoied by irritation of the conjunctiva by abrasive dust, intense light or other 
irritants The incubation peiiod lasts from five to twelve daj'S One eye is usually 
affected The local symptoms are those of intense inflammation, but m from 25 to 
50 pel cent of patients, more oi less severe systemic symptoms occur Preauiicular 
adenitis is common Vision is often impaired b} corneal changes vhicli for the 
most pait eventually heal without defect Sulfonamide compounds aie said by 
some to be “almost” specific,^'^' and in a few cases the use of “convalescent” 
seium fioni patients lecovered from the infection seemed to cause clinical improve- 
ment, hut It IS probable that in this as in other forms of conjunctivitis spontaneous 

154a Dauer, C C Poliomjehtis in the United States in 1942 and a Sunimar 3 of Its 
Pievalence from 1933 to 1942 Inclusive, Pub Health Rep 58 937-949 (June 18) 1943 

155 Rosenow, EC A Diagnostic Cutaneous Reaction in Acute Poliomyelitis Proc Staff 
Aleet, Majo Clin 18 118-128 (April 21) 1943 

156 Sanders, AI , and Alexander, R C Epidemic Keratoconjunctivitis I Isolation and 
Identification of a Filterable Virus, J Exper Med 77 71-93 (Jan) 1943 Sanders, M Gul- 
liver, F D , Forchheimer, L L, and Alexander, R C Epidemic Keratoconjunctivitis 
Clinical and Experimental Study of an Outbreak in New York Citj , Further Observations 
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recovery vithout therapy is the lule According to circular lettei no 14 of the 
Surgeon General of the Aimy “there is no specific therapy ” 

To prevent the disease from spreading, patients should be strictly isolated, 
and physicians in contact vith the disease should use great care to avoid carrying 
the infection to others 

Yellow Fcvei — Although jaundice no longer seems to occur after vaccination 
against yellow fever, the cause of that which formerly appeared has nevei been 
detei mined with certainty It is the consensus that the human serum that was a 
pait of the A'accine then used earned a contaminating infectious agent However, 
because of otherwise unexplained variations in the incidence of jaundice in equiva- 
lently vaccinated peisons, the possibility of some extrinsic environmental factor also 
entered the discussion The jaundice lesembled “catairhal jaundice” clinically 
but diffeied in its long incuhation period and its piedilection for adults The 
vaccine as prepaied now is composed only of an aqueous extract of chick embryos 
infected with “attenuated” 17 D strain of yellow fever Mrus It contains con- 
siderably more antigen than the older seium-containing vaccine 

Interesting in respect to the piobahihty that the serum caused the jaundice 
IS the study of Beeson, who collected oldei literature concerning the development 
of jaundice in patients treated foi various reasons b) injection of human plasma 
serum or lymph and added 7 cases of his own The lesulting jaundice resembled 
the so-called catarrhal form but had an “incubation period” of from one to seien 
months, like that wdnch followed vaccination against yellow fever 

Fox and his co-w'oikers in Biazil report 199 cases of encephalitis after vacci- 
nating 55,000 persons against yellow fever To explain this untow'ard effect the 
authois, not wushing to asciibe its cause to some adventitious factor, suggest that 
a variation occurred in the viius composing a certain lot of vaccine w'hich rendered 
the vaccine neurotropic It has always seemed to me that a similar explanation 
suited the problem of jaundice, hut no evidence for it is forthcoming 

Fox and Cabral demonstrated that m the great majority of vaccinated adults 
the protective action persisted foi four years The duration of relatively strong 
immunity was much shorter in young persons and disappeared in 10 per cent of 
them after three years Children apparently do not react antigenically as w'ell as 
adults and seem to require vaccination at shorter inten^als 

Othc'i Viial Diseases — The relationship between herpes zoster and varicella is 
still uncertain Many believe the two diseases to be caused by unrelated agents 
wdiile others believe them to be closely related, assuming that the same virus has 
variant forms, one causing one and the second the other disease Garland adds 
evidence in support of the latter view by reporting 3 cases in which varicella 

158 Fox, I P , Alanso, C , P;nna H A. , and Aladureira Para Observations on the 
Occurrence of Icterus in Brazil Following’ Vaccination Against Yellow' Fever, Am J H\g 
36 68-116 (July) 1942 

159 Hargett, M V, Burruss, H W, and Dono\an, A Aqueous-Base Yellow' Fe\er 
Vaccine, Pub Health Rep 58 505-512 (March 26) 1943 
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developed fourteen days after exposure to a patient \Mth t\pical heipes roster 
Many others have previously reported the reverse naineh, herpes zoster occurnng 
during and after outbreaks of varicella 

In an outbreak of smallpox in Glasgon, Scotland, an obscuie febrile condition 
developed in 40 of 92 persons who had been in close contact with the disease 
All of them were vaccinated after contact, and the febrile reaction occuried from 
SIX to thirteen days afterward In 30 vaccine %vas the cause , m 2 the cause w as 
smallpox , in the lemammg 8 it was probably smallpox, but the latter w^as so atypical 
and mild that it would ordinarily not be diagnosed as such Evidence is therefore 
presumptive that in an epidemic a proportion of the patients will have a mild type 
of smallpox or that m these patients vaccination has modified the severit} of the 
attack 

Smallpox w^as at its lowest ebb in the United States in 1941, wuth only 1 432 
cases reported A small outbreak occurred m central Pennsylvania m 1942 

In Gallagher’s experience in a boys’ school specific immune globin as used 
to prevent measles w’as fai from reliable In 14 boys the presumed adequate dosage 
failed even to modify the seventy of the disease The degree of protection in the 
treated group as compared with an untreated control group failed to give evidence 
of its efficiency in the age gioup 13 to 18 

Dining the last five yeais a filtrable vnus has been shown to be the cause of 
rubella, oi German measles An mciease in the number of neurologic symptoms 
in the form of neuritis and encephalitis has also been noted Habel injected 
nasal washings obtained from patients early in the disease into 41 monkeys and 
obseived that a rash appeared in 12 animals The rash wuth leukopenia, relative 
lymphocytosis and slight fever were the only evidences of infection Reinoculation 
of monkeys seveial w^eeks later showed that specific immunity had developed in 
only 2 of 7 animals No cross immunity to rubeola was evident 

The virus of rabies w'^as isolated from the biaiii of a patient m w'hom the 
infection was not suspected dining life’"' The antemortem diagnosis was psycho- 
neuiosis and acute anxiety After the diagnosis w'^as corrected, further inquiry 
revealed a history of the patient having been bitten by a dog 

Andrewes and his associates’"^" tested the therapeutic effects of 115 agents,, 
including penicillin, on seveial viral infections None had any beneficial effect 
except the sulfonamide compounds, wdiich influenced lymphogranuloma venereum 

RICKETTSIAL DISEASES 

Typhus fevei w^as contracted by 12 workeis in a laboratory probably by inhaling 
infective dioplets dm mg intianasal inoculation of mice with the murine strain of 
typhus iickettsias It was disappointing to learn that each of these wmikers 
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had been vaccinated eithei with the Castaneda vaccine, composed of killed murine 
typhus rickettsias, or the Cox type of vaccine, composed of killed epidemic typhus 
rickettsias, a short time prioi to infection On the other hand, it is. possible that 
the vaccine lessened the severity of the disease, since only 3 patients had moderately 
severe and the rest mild typhus and may not have been recognized as having typhus 
had the disease not been m mind 

A similar experience was reported from an Ameiican laboiatory where two 
woikers previously immunized with three and foui doses, respectively, of Cox yolk 
sac vaccine contracted a mild form of epidemic typhus, one while harvesting egg 
cultuies, the other by accidentally splashing virus into hei eye In both cases the 
disease was mild and could easily have been mistaken for influenza had not the 
history been so clear 

Castaneda ascribes the failure of vaccine to give adequate protection in his 
expel lence to lack of specificit)'’ of vaccine made with murine stiains against 
infection with the epidemic strain By adding antigen of the epidemic stiain to 
the murine vaccine, a moie potent vaccine was devised 

Nearly 3,700 cases of typhus weie reported in the United States in 1942, 
numbers of them from California, wdiere the infection was thought not to occur, 
however, 229 cases have appeared there since 1916’^’^ It is believed that probably 
not more than 20 per cent of cases are reported, so that the disease is no doubt far 
more pievalent than the statistics lead one to behe\e^'“ 

Duiing experimental studies to determine the incidence of natural typhus infec- 
tion among wuld rats in Savannah, Ga guinea pigs inoculated with rat tissues 
often died In searching for the cause of death, obviously not caused by typhus, 
toxoplasma ivas found Nearl}’- 9 pei cent of the rats studied were infected with 
this protozoan agent 

Othci Rickettsial Injections — South Ameiican w'orkers, who unfortunately call 
a foim of spotted fever “Brazillian typhus,” show that dogs may be artificially 
infected with the agent and that natuial infection occurs as w'ell Dogs and the 
ticks which infest them may therefore serve as impoitant sources of infection 
Many outbieaks occur in households m wdiich dogs, dog ticks and bedbugs are 
found to be infected Since dogs are also inciiminated in fievre boutonneuse, or 
Mediterranean spotted fevei, it is suggested that the} may be natural carriers of 
the disease m the United States A tick, Amblyomma americanum, knowui to be 
a vector of spotted fevei in South America, is now'’ for the first time believed to 
be a natural \ectoi in this country^"® In a small outbreak of spotted fever in 
Texas, ticks of this species alone were present^"® Infected nymphs of Amblyomma 
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■were also found in Oklahoma In preMOUs experience m South Ameiica a tick 
of a species of Amblyomma harboring spotted fever was taken from a pet dog 

A brief clinical discussion of trench fevei has been published A case of Q 
fever was leported from South Carolina,’"® the diagnosis of w'hicn is even more 
doubtful than that of the case described m Montana in 1941 The only eMdence 
of Q fevei w^as a specific complement fixation test positive m the low^ dilution 1 4 
Experimental studies on Q fever show^ed that the causative nckettsias persisted 
foi a month oi moie m various tissues after the animals had recovered from the 
disease 

Philip calls attention to the confusion which has arisen in the nomenclatuie 
of pathogenic nckettsias and pioperly recommends the adheience to accepted 
taxonomic procedure According to Steinhaus and Paikei,’®°" several sulfonamide 
compounds, atabrme and tyrothiicin (an extract of Bacillus brevis of Dubos) had 
little 01 no therapeutic effect in experimental Rocl-cy Mountain spotted fe^el 

FUNGOUS DISEASES 

Coccidioidomycosis — Because of ceitaiii similarities of pulmonaiy tuberculosis 
and coccidioidomycosis, wnth legard both to the acute stage and to the end results 
111 the lungs, with roentgenogiaphic evidence of cysts and aieas of calcification, 
erior in diagnosis has no doubt often occurred In stud 3 nng large groups of 
Indians wdio reacted negatively to the tuberculin test despite roentgenograms of 
the lungs w^hich showed shadows suggestive of healed tuberculosis, Aionson and 
ms associates suspected that coccidioidomycosis may have been the cause of this 
phenomenon In different groups tested with coccidioidm, injected intiadermally, 
the incidence of positive leactions vaiied gieatly fiom place to place — fiom none 
to 94 pel cent It is very likely that in many of these persons who failed to react 
to tuberculin, infection with the fungus Coccidioides immitis may have been the 
cause of the calcified pulmonaiy nodules 

In studies to determine how'’ widespread infection wuth this fungus is and 
wdiether it is being “spread” by human or othei carriers, Schenken and Palik’®? 
concluded that the gieat majoiit)^ of cases w'ere in, or originated m, California, 
Texas, Aiizona and New Mexico In only 5 cases w^as the souice of infection 
apparently outside this aiea Cases described in Minnesota and Virginia w^eie 
1 ejected because of lack of pi oof of the diagnosis It is fairly ceitam that the 
infection is not spreading and that local factors which favoi the existence of the 
fungus contiol the incidence of infection in persons and m animals residing m these 
aieas 
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On the othei hand. Aionson and Gallagher in testing boys in a school in 
Massachusetts found 17 of 680 students reacting positively to coccidioidin Of 
these, 8 had never been west of the Mississippi River Five of the 17 failed to 
react to tuberculin and had calcified areas in their lungs Whether the positive 
leactois actually had had coccidioidomycosis, and, if so, where they were infected, 
IS unknown 

In anothei case of chronic pneumonitis, supposedly tuberculosis, Baldwin 
isolated an acid-fast chiomogenic bacillus which w'as not virulent foi guinea pigs, 
rabbits oi mice It is obvious that certain patients wdio have tuberculosis-hkc 
chronic pulmonary diseases may be infected w'lth agents other than the tubercle 
bacillus, and careful bacteiiologic investigations should he made in all doubtful 
cases It IS also evident that pathologists cannot ahvays make a final diagnosis of 
tubeiculosis by the demonstration of tubercles alone There aie many causes of 
tubercle foimation besides Mycobacterium tubeiculosis 

Emmons and Ashburn present fuither epidemiologic data on coccidioido- 
mycosis A high percentage of rodents in endemic areas are infected with the 
fungus Because of this, they aie legarded as a reservoir of infection important 
111 the dissemination of the infection to man However it seems to me that rodents, 
like man, wdnch live m an endemic aiea are merely mcidentall}' infected because 
of intimate exposure to a fungus which grows in local legetation of soil and do not 
necessarily play a role in spreading the disease to other places where the fungus 
cannot grow' In regions w'heie man has accjuiied infection cattle, dogs and sheep 
may also haiboi the fungus '®* 

Emmons and Ashbuin isolated a hitherto undescribed fundus from rodents 
w'hich they call Haplosporangium pai vum n sp This fungus causes granulomatous 
lesions and may also cause disease m human beings Cutaneous tests made with 
extracts of this fungus gave positive reactions in man} persons who also reacted 
positively to coccidioidin The two fungi may be related Furtheimore, cultural 
characteristics of H paivum are similai to those of Blastomyces dermatitidis and 
Histoplasma capsulatum, both of w'hich are pathogenic for man 
I Trichophytosis 0 } "Athletc\ Foot ' — Much nonsense has been published on this 
subject, and thousands of dollais have been wasted as a result of commercial 
advertising and subsequent use of a variet} of remedies for its treatment According 
to a lecent view',^®® the condition is seldom contagious and is chiefly caused by 
improper caie of the feet It is brought about by chafing and maceration ot the 
skin lesulting from continued moisture, particularly during warm w'eather w'hich 
tavor the grow'th and invasion of the fungus habitually present Cleanliness 
and propel ly fitting ventilated shoes are of far more impoitance in pi eventing 
the condition than are the numeious remedies for its treatment 
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Dogs, in addition to being sources of infection for the fungous diseases 
histoplasmosis and coccidioidomycosis, are also possible sources for Blastonnces 
dermatitidis, according to Foshay and Madden 

A rmgworm-like infection of the skin in children \\ho had pla}ed togethei and 
with kittens has been leported Examination of one of the kittens showed it to 
he infected with the fungus Microspoion lanosum 

A rare case of infection resembling subacute hacteiial endocaidilis was caused 
by Histoplasma capsulatum 

MISCi:LL\NrOUS INTECTIOXS 

Lepfospii osu — Since the value of convalescent seium in the treatment of W'^eil’s 
disease is so uncertain, Larson tested the effects of seiotheiap} in infected mice 
Serum fiom convalescent patients and immune serum piepaied by inoculating 
rabbits with Leptospira icterohaemorrhagiae w^ere used The piotective antibodies 
were m the globulin fi action and could be concentrated by suitable means Both 
foims of serum prevent death m young mice if given on oi hefoie the fouith day 
after infection 

Ti ichmosts — In a discussion of the modern aspects of tiichmosis, Wiight^”- 
points out how misleading much of the earliei infoimation is, particulaily in regaid 
to symptoms Trichinosis varies gieatly in its clinical manifestations, depending 
on the number of larvas ingested, on leinfections and on the general condition of 
the host The so-called typical clinical picture described m textbooks is more the 
exception than the rule Large surveys indicate that about 16 per cent of people 
in this country are infected with Tnchinella It is believed that the incidence can 
be 1 educed by feeding hogs cooked rather than raw garbage 

In 2 cases of trichinosis of my own,^®’’ studied over many months, the typical 
mici oscopic lesions and the clinical picture of pei larteritis nodosa developed These 
latei disappeaied, and chronic nephiitis developed, wdnch in 1 case w'as fatal The 
appearance of the lesions of peiiarteritis nodosa suggested that they w'ere incited 
by trichinosis and were allergic in natuie, in turn suggesting that trichinosis nia} 
he one of the causes of periarteritis nodosa 

A sei ologically active polysaccharide, wdnch may he helpful in diagnostic tests, 
was obtained fiom Tnchinella 

Sclustosoimasts — In an article giving the latest information on schistosomiasis 
of the Manson or intestinal type, Koppisch points out how^ impoi tant it wall he 
for physicians in this countiy and elsewhere wdio have had no experience wnth it to 
be able to recognize the disease Beyond doubt a certain percentage of the militai} 
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personnel who serve in regions where the disease is endemic will contract it and 
return home infected The disease must be diagnosed promptly and specifically 
treated before it causes irreparable ciirhosis of the liver or other injury, and before 
the ova escape to establish endemic foci in this country Although, according to 
the author, none of the planorbids or mollusks which are capable of acting 
as intermediate hosts for these schistosomes occur in the United States, it must 
be remembered that in 1941 Pennei found in a Minnesota pond a strain of 
Schistosomatium douthitti with which he was able to infect monkeys Only fuithei 
study will show^ whether the certain mollusks wdiich occur in this country may 
harbor othei pathogenic schistosomes 

Tivo cases of imported schistosomiasis (Schistosoma haematobium) weie 
1 eported fi om Michigan The authoi s refer to several other cases in the United 
States 

In a piehminary leport Andeison descrilies the cultivation of micio-organisms 
lesembhng Donovan bodies from patients ivith venereal l}mphogranuloma 

Malatia — CoggeshalP®® calls attention to the danger of malaiia becoming 
widespread in the United States after the letiiin of troops who have been infected 
elsewhere Throughout the couiiti}' important anophehne mosquito vectors are 
potential transmitteis of infection fiom patients with imported malaiia or from 
healthy cairiers, to sa)*' nothing of the possibility of the introduction of other 
dangerous varieties of mosquitoes The latter accident occurred in Brazil wdien 
Anopheles gambiae was accidentally introduced and e\entually caused moie than 
14,000 deaths from malaiia before it w^as eradicated The author warns that 
methods designed to control malaria by curbing the laival or adult development ot 
the mosquito, by attempts to prevent mosquito bites in man and by attempts to 
pi event or cure the disease wnth drugs have all failed m their puipose It is 
disappointing to learn that atabrine (now' officially recognized as quinacrme hydro- 
chloride U S P ), like quinine, is not curative, but simply controls the acute 
attack, and if a person succeeds in throw'ing off the infection, he does so by his 
own defense mechanism, not as a result of chemotherap> In one series of cases 
in Africa, clinical attacks of malaria occurred in 45 per cent of those wdio weie 
receiving a supposedly adequate prophylactic dose of the drug The authoi does 
not refer to the use of sulfonamide compounds 

PlcModynia - — ^An outbreak of 166 cases of pleurodynia occurred in Biooklyn 
in July 1943 Either the disease diftered in certain respects from that desciibed 
in previous repoits or attention was focused on symptoms pieviously disregarded 
The most impoitant differences w'ere the fiequency of pharyngitis (75 per cent of 
cases) and the evidence of meningoencephalitis, wdiich was noted in 5 adult patients 
and was chaiactenzed by typical clinical signs and symptoms and lymphocytes in 
the spinal fluid The prominent symptoms in most cases were the usual ones, 
namely, fever and severe pain in the upper part of the abdomen or the low ei part 
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of the chest, in both places sufficiently se\eie to embarrass breathing or to suggest 
some acute abdominal infection Convulsions v ere common in infants Recoveries 
were prompt, often within one or two days, but recurrences vere common Aside 
from pain, which sometimes persisted for weeks theie vere no sequels 

The third case of human infection with Pasteurella pseudotuberculosis m the 
United States has been reported The bacterium was isolated from the blood of 
a patient who recovered from the disease 

The first case of tick paralysis to be reported from the eastern part of the United 
States occuried m New York m a child of 3 During the course of the disease 
a partly engorged dog tick was found attached to the scalp On its lemoval “the 
disappearance of the patient’s symptoms was most dramatic ” It is difficult tO' 
undei stand how so instantaneous a cure is possible 

A puzzling disease known as gin fever, Monday fevei, Mill fevei oi b}Ssinosis 
has long been noted among emplo 3 ^ees in cotton mills and among those who inhale 
the dust of jute, giain, flax and hemp After hundreds of cases occurred m the 
summer of 1941, Neal and his co-workers,-®- studying the problem, concluded that 
a shoit gram-negative bacillus belonging to the genus Aerobactei was the causative 
agent It is found chiefly in low giade, stained cotton and is inhaled The endo- 
toxin It liberates apparently causes disease The disease begins several houis 
after exposure with a chill or chilliness, fever, cough, headache, conjunctival 
irritation and fatigue and lasts four or five days Intradermal tests with filtiates 
of the bacillus cause specific hypei sensitive inflammatory lesions 

Bradley describes the outbieaks of epidemic nausea and vomiting in several 
English schools The disease appeared to be contagious, with an incubation peiiod 
of two to seven days The chief symptoms weie vomiting, nausea, dizziness, head- 
ache and dial rhea Fever seldom lasted more than twenty-four hours The disease 
might be mistaken for food poisoning, but no evidence of the lattei was found 
All bactei lologic studies gave negative lesults An unknown viius was suggested 
as a possible cause It may be mentioned in passing that no filtrable virus has 
evei been inciiminated as a cause of gastroenteritis It is highly probable that some 
exist that may cause this disease and may account for certain epidemics of so-called 
dysentery of unknown cause 

Two apparently “new” exanthematous diseases have been repoited In Con- 
necticut, Blake and his associates have studied 1 1 cases in the last five years 
The disease was chaiacterized by fever, no prostration, a reddish bronn eiuption, 
general swelling of the lymphatic nodes, splenomegaly and leukopenia with relative 
lymphocytosis It occui red chiefly m the spring and fall The rash appeared from 
two to fourteen days, usually about six days, after the onset Chills, chilliness, 
mild sore tin oat, conjunctivitis and photophobia were noted at times All tests 
for known infections gave negative lesults 

The other disease was observed in Georgia (and elsewhere) among peisons who 
had bathed a week before m a muddy pool apparently polluted vith animal 

200 Snvder, G A C, and Vogel, N J Human Infection by Pasteurella Pscudotuberculosis 
Report of Case with Recoieri, Nortlwest Med 42 14-15 (Jan) 1943 

201 DeSanctis, A G, and di Sant’Agnese, P A Tick Paraljsis Report of a Case in 
New York, JAMA 122 86-88 (May 8) 1943 

202 Neal, P A , Schneitcr, R, and Camimta, B H Report on Acute Illness Among 
Rural Mattress Makers Using Low Grade Cotton, J A M A 119 1074-1082 (Aug 1) 1942 

203 Bradle\, W H Epidemic Nausea and Vomiting, Brit M J 1 309-312 (Marciri3) 
1943 

204 Bhke, F G Welt, L G . and Craige, B \pparcntl\ Undescribed Infectious Exantbem 

Yale T Biol 6L l^fed 14 573-580 (Juh ) 1942 ’ 
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lefuse-”’ Thuty-five cases occuiied in August 1940 The onset was sudden, 
with severe headache, postorbital pain, chilliness and sweating Lumbai pains 
nausea and vomiting, arthralgia and constijjation were common The most striking 
feature was a fine led measles-hke rash chiefly over the anterior aspects of the 
legs, especially over the tibias, but noted once on the chest and the abdomen The 
exanthem appeared about the sixth day and lasted one oi two days The fevei 
langed fiom 100 6 to 104 F, hut the pulse was relatively slow' In only 1 case 
was a swollen lymph node found, an epitiochlear node The disease lasted about 
a w'eek The leukoc}tes w'ere normal in quantity and quality, and biologic tests 
for the typhoid gioup, undulant fever, tyjDhus and tularemia gave negative results 
Tests for leptospiiosis, or Weil’s disease, wduch I should consider of importance 
in this instance, w'eie not mentioned, nor was schistosomiasis, although a less likely 
possibility, discussed Daniels and Grennan describe a similar disease which 
they call “pietibial fever,” a rather meaningless term wduch in common parlance 
means as much as “hot shins” might 

It will be of interest if in both cases the diseases eventuallj piove to be new'ly 
recognized entities or unusual forms of already know n infections 

205 Bow’doin, CD A New Disease EntiU (') J M A Georgia 31 437-438 CDec ) 
1942 

206 Daniels, W B and Grennan, H A Prttihial re\er An Obscure Disease, J A M A 
122 361-365 (June 5) 1943 
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Allergy By Erich Urbach, M D , with the collaboration of Philip Gottlieb, M D Price, 
$12 00 Pp 1073, with 396 illustrations New Yoik Grune & Stratton, 1943 

This IS a rather exhaustive treatise on clinical allergy, containing most of the orthodox 
infoimation and arrangements found m a number of other books on this phase of medicine and 
having, m addition, some of the individualistic views and terminology of the author The text 
IS divided into three parts Part 1 deals with the fundamentals of allergy, part 2 discusses 
the etiologic agents, and part 3 concerns itself with the manifestations and therapy A large 
part of the voluminous literature on allergy has been incorporated in the text, foi which the 
specialist and the advanced student in alleigy will be grateful One who has had little practical 
experience in clinical allergy may become confused by tbe enormous detail and insufficient 
evaluation of this material 

A valuable contribution in this book is a complete chapter on allergy with relation to certain 
infectious diseases Another feature is the exposition of Urbach’s new terminology and 
classification of the phenomena of hypersensitiveness He uses the term “pathergy” to designate 
all altered reactivity The term allergy or “allergic pathergy” is confined by him to specific 
altered reaction m which specific antibodies aie found Other terms prominent in the book 
are “parallergy,” “metallergy,” “nonallergic pathergy” and “allergization ” The concepts repre- 
sented by these names are not new, although the terminology has been adopted by the authoi 
It IS to be regretted that in the chapter on diagnosis the author saw fit to devote only one 
paragraph to the important phase of history taking In the chapter on treatment Urbach 
summarizes his previously published work on “propeptan” treatment, which consists of the use 
of specific peptones prior to feeding allergenic foods Although this work has in general failed 
to receive recognition in this country, it is gratifying to know that the details are available 
for furthei experimentation Urbach favors oral pollen therapy, a stand which would be 
challenged by Ameiican allergists of large experience Some points in technical details are 
contrary to accepted ideas For example, the inference that the allergist should confine himself 
to ten to twenty scratches at one sitting has no logical background and would if followed, 
interfere with efficiency in the practice of allergy The admonition that alcohol must not be 
used on the skin prior to making scratches has no clinical foundation 

The book is replete with illustrations, mainly photographs, having a total of 396 Many 
of these are excellent repi eductions of various conditions and particularly cutaneous lesions 
Nevertheless, on making a careful appraisal of all the illustrations, the reviewer finds that 
the majority are repetitious, do not possess teaching value or are entirely superfluous One 
or two examples may be mentioned Figure 118 depicts angioneurotic edema due to egg 
allergy, figure 119, due to fish, figure 341, due to strawberries, figure 342, due to sardines, 
figure 343, due to acetylsalicylic acid , figure 344, due to enteritis , etc Figures 328 to 339, 
inclusive, and other photographs m various portions of the book show patients with urticaria 
due to various causes, such as strawberries, milk, bacteria, intestinal parasites, enteritis, colitis, 
dental infection, effort, sweat and mental factors It certainly would have sufficed to give two 
or three morphologic variations and meiely to mention the various causes 

Although deletion of numerous photographs and reduction m the size would have improved 
the book, nevertheless, the author and his collaborator have produced a commendable text on 
allergy and are to be congratulated particularly for their thoioughness Urbach’s “Allergy” 
will find a place on the shelves of those who have had sufficient experience to evaluate this 
subject Foi others, such as those general practitioners, pediatricians, internists and rhinologists 
who may have only a secondary interest in allergy, this exposition will piobably be too 
voluminous and complex 

The Hemorrhagic Diseases and the Physiology of Hemostasis By Armand J Quick 
M D , Ph D Price, $5 00 Pp 340 Springfield, 111 Charles C Thomas Puhhcher 
19<2 

In 1941 Quick delivered the Beaumont lectures This book represents an extension and 
expansion of these lectures and brings up to date the experimental and theoretic aspects of 
hemostasis This is the mam subject matter of the monograph, but it is most logicallv cor- 
1 elated with the hemorrhagic diseases and the bleeding tendency m general 

Following the mtroductoiy chapter there are six chapters dealing respectively with thrombin 
prothrombin, fibrinogen, thromboplastin, blood platelets and anticoagulants The succeeding 
SIX chapters have to do ivith the clinical manifestations of the diseases which are characterized 
bv a tendency to bleed The discussion of thrombopenic purpura is noteworth}, and it can be 
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iaid that the other chapters on clinical manifestations aie excellent Particulai ly notable and 
of extreme value to clinicians, pediatricians and surgeons is chapter 12, which deals with the 
hemorrhagic diathesis associated with avitaminosis K, obstructive jaundice, biliary fistula and 
damage to the liver Chapter 13 is a continuation of the discussion of the same diathesis in 
which the hemorrhagic diseases of the newborn and toxic sweet clovei disease are presented 
For the laboratory worker there is a well organized appendix which outlines the various 
procedures and technics employed m the studj' of the hemorrhagic diseases 

The author is well qualified to discuss hemostasis He is one of the outstanding students 
of the subject and is widely recognized as an authority He has presented his work and the 
work of others clearly and has satisfactorily eialuated the important clinical and laboratory 
features of the several diseases that he discusses 

It might not be amiss to state that the book itself is an outstanding example of the art of 
bookmakmg Since an excellent grade of paper has been used, the illustrations are clearcut 
The numerous references are printed m rclativelj large type and can be readily consulted 
Altogether, the monograph may be praised most highly, both for its content and for its 
appearance 

Urology in General Practice Bj Nelse F Ockerblad, M D , and Iljalmar E Carlson, 
MD Price, S4 00 Pp 383 Chicago The Year Book Publishers, Inc, 1943 

Simplification of medical procedure is highlj commendable In this book an attempt has 
been made, based on almost forty years of experience in the urologic field, to simplify present 
urologic methods The procedures outlined arc practical and should direct the medical student 
and the general practitioner to a solution of the more common urologic problems Little 
discussion IS presented The advantages and disadvantages of the procedures recommended 
are not discussed, and no comparison is made between the methods advised and other available 
procedures The brevity of the presentation is an aid to quick assimilation, but at times the 
discussion IS so limited that little specific infonnation can be obtained This is especially true 
of the section on urologic diagnosis, m which incontinence, uremia and polyuria are discussed 
Most of the topics, however, are dealt with concisclj and in sullicicnt detail to be informative 
The chapter on the uses and dangers of catheters and sounds is presented m such a way that 
much assistance can be obtained in the practical handling of these instruments The section 
on sterility presents a definite, practical plan for the diagnosis of this condition in either the 
male or the female The language used is conv'crsational and frequently nonmedical 

The book is nicely printed and bound and is to be recommended as a quick and practical 
guide to those not acquainted with the more common urologic methods 

Whooping Cough By Joseph H Lapin, MD Price, $4 50 Pp 237, with 25 tables and 
24 plates Springfield, 111 Charles C Thomas, Publisher, 1943 

This handsome monograph includes a sjstematic discussion of whooping cough in all its 
phases History, epidemiology, pathologj’’, symptoms, treatment, etc , are thoroughly discussed, 
and the bibliographies are adequate The recent work on preventive vaccination is analvzed, 
and m general the publisher’s statement that the book is based on “extensive clinical experi- 
ence and exhaustive study of the literature” seems to be justified 
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IMMUNE SERUM THERAPY FOR OROYA FEVER 

CALDERON HOWE. MD 

BOSTON 

No specific tieatment has as yet been developed foi Oroya fever, the seveie 
■^nd often fatal anemic stage of Can ion’s disease There have been from time to 
time numerous attempts at immune therapy with seium or tiansfusions of whole 
blood from patients convalescing or lecoveied fiom various stages of Carrion’s 
disease^ Theie have undoubtedly been many more trials at theiapy along these 
lines than have been published The few reports available, howevei, are inconclu- 
sive and neither substantiate nor detract fiom the possibility that such forms of 
passive immunization may be beneficial in certain cases 

In the field of chemo theiapy, arsenical preparations have been tiled by certain 
investigators “ , but the evidence foi any consistent success in this dii ection has been 
entirely unconvincing 

The piesent communication deals with 3 cases of Oroya fevei in which hypei- 
immune rabbit serum containing a high titer of agglutinins foi Bartonella bacilli- 
foimis was given m moderately large intravenous doses The lesults obtained, 
though not entirely conclusive, aie thought to be suggestive enough to wairant 
1 eporting 

MATERIALS AND METHODS 

Production of Immune Set um — In immunizing rabbits against B bacilhformis, the organism 
responsible for Oroya fever, four strains weie used These originated from four different 
sources, as follows The first strain was isolated from the proboscis of a Peruvian sandfly 
by Dr Marshall Hertig in 1939 The second originated from a patient with Oroya fever in 
Peru and was obtained by Dr Q M Geiman in 1939 The third strain was isolated from a 
patient with severe Oroya fever in Colombia in 1940 and was obtained from Dr Jose Jimenez 
Franco, of Lima The fourth strain, from a patient with severe Oroya fever in Peru, was 
isolated by me m 1940 

All of these strains had been maintained m the laboratory on Geiman blood agar and were 
consistently found to be motile After five days’ incubation at 28 C the growth was washed 
off the slants with isotonic solution of sodium chloride, centrifuged and resuspended in 
isotonic solution of sodium chloride The suspension used in immunizing rabbits consisted of a 
mixture of equal parts of all four strains, representing a concentration of the growth of two 
slants per cubic centimeter of suspending medium 

Nine rabbits received from seven to eleven inoculations, three inoculations of 1 cc each being 
gnen on three successive days, with rest periods of three to four days between the senes of 
three injections (table 1) The antigen was given intravenously One animal (rabbit 1533) 
lias immunized with a suspension of formaldehyde-treated organisms of the same basic com- 
position as that given to the remaining animals m the fresh untreated state 


This investigation was financed in part from the Repa>ments Fund of the Department of 
Comparative Pathology and Tropical Medicine, Harvard Medical School 

From the Department of Comparative Pathology and Tropical Medicine, Harvard Medical 
School, and the National Institute of Hygiene and Public Health, Lima, Peru 

1 Odnozola, E Cong med latino-am 5 139, 1913 Olaechea, A S Rev med peruana 

?941~’ ^ > Mayoral, P, and Martinez, R E Rev Fac de med, Bogota 9 545 

2 Manriquc, B Reforma med, Lima, 1937, vol 23 de la Rocha, L E Bol Inf dp 
la ■\sac med pei , 1938, vol 5 
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At the end of the total period of immunization, eacli animal was bled two, or m some 
instances three, times The first two bleedings, of 50 cc each, were earned out on the same 
day, and each was followed by the intravenous administration of 30 cc of 20 per cent solution 
of dextrose The third bleeding took place the following day if the animal was scheduled to be 
bled out for the maximum yield of serum 

Four of the rabbits m the present senes (rabbits A, B, 1531 and 1533) had been used 
m earlier experiments involving immunization with the same four strains of B bacilhtormis 
previously described The titei which had been obtained foi each animal is shown m table 1 
This titer, when it was high, had declined somewhat during the six months between the original 
immunization and that carried out for the piesent investigation It is of interest to note that 
the 5 remaining rabbits (D, E, F, G and H), which had not been previously immunized, 
pioduced titers equal to those of the first group of animals 

The titer of tlie serum from these animals at the end of the period of immunization was con- 
sistently high, m most instances agglutination occurring at a final serum dilution, after the 
addition of the antigen, of 1 2,560 The serum from the 1 rabbit (rabbit 1533) immunized with 
suspension of formaldehyde-treated organisms agglutinated to a titer as high as did that from 
the animals immunized with the fresh untreated organisms 

In determining the agglutinating titer of these serums, the agglutination test was performed 
with a formaldehvde-treated antigen This antigen consisted of a mixture of the four strains 


Taiiii: 1 — Immum!:alton of Rabbits 
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’Immunized with n suspension ol lormnldelijde trtntcd orgnnisms 


used m immunizing the animals suspended m a 04 per cent solution of formaldehyde U S P m 
isotonic solution of sodium chloride The type of flocculus occurring with this antigen when 
agglutinated with serum from rabbits immunized with live and w’lth formaldehrde-treated 
organisms, was seen grossly to be fine and flaky Under the dark field microscope, the 
organisms were found to be arranged m strands closely mterwo\en This w'as m striking contrast 
to the appearance of the flocculus produced by agglutination of living organisms b\ h\per- 
immune rabbit serum ^ Here the flocculus was tightly coherent and coarse, and under the 
dark field microscope the organisms w'ere seen to be tightly clumped Agglutination occurred at 
higher dilution of serum with the formaldehyde-treated antigen than with the fresh untreated 
antigen The former seems thus to be more sensitive than the latter 

REPORT or CASES 

Case 1 — A 51 year old foreman, in the employ of an electric power project m the Santa 
Eulalia valley, was seen at his home, m Lima, on April 12, 1942, complaining of fever, malaise 
and increasing prostration of eighteen days’ duration and deep jaundice of seven days 
duration 

Htsloiy — His past history revealed that he had had typhoid m 1900, gonorrhea m 1917 
and 1929 and malaria m 1921 There was no history of addiction to alcohol A native of Lima, 
his residence m regions where Carrion’s disease is endemic had been prolonged but divided into 
three periods, as follows 1928-1929, Autisha , 1934 to 1938, Callahuanca and Barbablanca , 1938 
to 1942, Autisha In the intervening periods, he had lived m Chosica, Huancavalica, Lima 


3 Howe, C J Exper Med 75 65, 1942 
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and Cuzco, in none of which localities Carrion’s disease is known to occur At no time had 
he had any severe illness, unexplained fever, jaundice or eruption of any kind It was assumed 
therefore, that, although he had had prolonged exposure m the endemic regions of the Santa 
Eulalia valley, he had never contracted clinical Carrion’s disease m any form He had been 
seen by me on March 10, 1942 m Autisha, at which time he was in good health Cultures 
of blood taken on that date showed no growth of organisms, agglutination tests with B bacil- 
liformis ga\e negative reactions m all dilutions, the hemoglobin content was 11 Gm per hundred 
cubic centimeters, and organisms were not seen in the blood film 

The patient had remained asymptomatic until March 25, when he was taken with a 
sudden chill, with malaise, and with sweating and a temperature of 104 F For the ensuing 
eleven days, during the last nine of which he was m Lima, his temperature had been noted 
to be only slightly elevated From April 5 to April 9, he had again been m Autisha A blood 
count done on April 7 had shown the erythrocytes to number 4,600,000 per cubic millimeter and 
the leukocytes 7,000 per cubic millimeter with a normal differential count, B bacilliformis 
had not been observed m a careful examination of the blood films 

On April 5, he had noted the sudden appearance of jaundice, which day by day increased in 
intensity His urine had become coffee colored, the stools had remained noimal m color, and 



Fig 1 (case 1) — Course of the disease in a case of treated Oroya feiei 


T^ble 2 — Laboi afoi y Data in Case 1 
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he had vomited two oi tliree times a day during the ensuing week On April 12 I saw him for 
the second time, in Lima, where he had been confined to bed for three days 

Physical E^ammatwn — The only significant conditions observed on physical examination 
were a temperatuie cf 104 F, severe jaundice, moderate dehj'dration, an enlarged liver 
(palpable 3 fingerbreadths below the right costal margin) and a moderately loud systolic 
murmui at the apex 

The laboratoiy data are summarired in table 2 It is notewoithy that in five days (April 
7 to April 12) the red blood cell count had fallen to 1,400,000 per cubic millimeter and the 
hemoglobin content to 5 Gm per hundred cubic centimeters and that on April 12 B bacilli- 
formis was seen for the first time, in 25 per cent of the erj throevtes 

Subsequent Coiuse — The patient’s temperature icmained elevated during the ensuing week 
(fig 1), and he continued to complain of extreme malaise, anorexia, insomnia and occasional 
nausea and vomiting The jaundice had diminished noticeably by the end of the week The 
patient improved slowdj’-, and he was leported on August 12 to be well on the way to recoiery 
2s' o eruption had appealed up to that time 

Tieatuient — During the acute stage of his illness, the patient w^as treated w'lth parenteral 
injections of sitamin B complex and liscr extract Pic was also given a total of 50 cc of 


Table 3 — Laboiatoiy Data tn Case 2 
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* Detcrmiiiatlon obtained on electric iihotocolorlinctci 


Inpenmmune rabbit scrum in mtiascnous doses of 10 cc each on the twentieth through the 
tw'enty-fourth day of his illness (fig 1) There w'as no untow'ard reaction, and an intradermal 
test before the administration of each dose invariablj' gate a negative result 

Case 2 — A 15 year old native of the Milage of Vilcabama, in the Department of Apuiimac 
was seen in the Hospital Dos de Illayo in Lima on April 3, 1942, tw'o daj's after his 
admission 

Histoty — The patient had lived in his native rillage, wdiere no veiruga is knowm to occui, 
until nine months prior to admission to the hospital, at w'hich time he had gone to Cuzco Here 
he had remained for six months , and he had then made his w'ay to Lima via Ayacucho, Huan- 
cayo and the Rimac valley The trip from Huancajo to Lima, including passage through the 
verruga zone, had been made in one day and one night He had arrived in Lima for the first 
time three months prior to his admission to the hospital, his only exposure to infection up to 
that point having occurred during the night of travel, previously alluded to, through the lowei 
Rimac valley One month piior to admission, the patient had gone up the Rimac valley as fai 
as Matucana, the upper limit of the veriuga zone, stopping at diffeient points on the w'ay up 
and back seeking work Eight daj^s w'ere spent in thus traversing the verruga zone, and the 
patient returned to Lima tw'enty-eight davs prior to admission, on March 4 Three days 
to admission, on March 29, he w'as seized with a sudden chill, severe febrile symptoms, head- 
ache and extreme malaise Three days later, on A.pril 1, he w'as admitted to the hospital 
because of exhaustion and inability to work, with fe\cr and extieme w'eakness 
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Physical Examination — ^Moderate icterus was CMdent The mucous membranes were 
extremely pale, and the patient was perspiring profusely and complaining of shortness of 
breath The lungs were clear to auscultation and were resonant throughout Over the apex 
of the heart there was heard a moderately loud systolic murmur The liver and spleen were 
not palpable Ihere were a few small cervical lymph nodes which were slightly enlarged and 
not tender Physical examination yielded otherwise unremarkable results 

The laboratory data are summarized in table 3 

Subsequent Couise — The patient’s course was at first only moderately febrile Later, 
however, he had an irregular fcAer, the temperature ranging from 100 to 103 b (fig 2) At no 
time did he feel desperately i'll On the fourteenth day of his illness, he was discovered to 
have the beginning of a sudaminal eruption, characterized by pale nodules 1 to 2 mm in 
diameter, which appeared first over the right w'nst and low^ei part of the forearm Within 
five or six days this eruption had spread over the chest and abdomen, and by the twenty-first 
day of the disease it had spread in miliary form ovei the entire trunk and over all four 
extremities A specimen of the skin over the right wrist at the point wdiere the eruption had first 
appeared w^as taken for biopsy, but nothing characteristic was seen on section of the specimen 
A.bout one month later, theie was found at the site of the biopsy specimen a larger typical 
\erruga nodule, about 1 cm in diameter On the thirtieth day of the disease, the verrucous 
eruption became secondarily infected, with the appeal ance of oozing impetiginous lesions 
over most of the body As this superimposed infection subsided during the ensuing two 
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Fig 2 (case 2) — Course of the disease m a case of treated Oroya fe\er 


w'eeks, the miliary verruga lesions again became visible as red spots on the skin By about 
the seventh w eek of the disease, that is five weeks after the appearance of the verruga eruption, 
signs of eiuption had almost completely subsided The patient w^as reported to be in good 
health at that time He w'as discharged from the hospital and has not been heard from since 
then , hence no long term follow-up has been possible 

Tieatnienf — Along w'lth minimal nonspecific supportive therapy, tins patient received a 
total of 60 cc of hyperimmune rabbit serum (fig 2) This was administered m intravenous 
doses of 10 cc each on the eighth, tenth, twelfth, thirteenth, fourteenth and seventeenth days 
of the patient’s illness There were no untoward leactions, and an intradermal test before 
each dose of serum invariably gave a negative reaction 

Case 3 — A 21 yeai old member of a militarj detachment, a native of Ajacucho, was seen 
at the military hospital of San Bartolome, in Lima, on April 13, 1942 His past history 
was unremarkable except for his haMug had t3phus m childhood 

Ihstoiy — The patient had completed a tour of duty at Chinchipc, on the Ecuadorian 
tiontier, from July 1941 to Feb 28, 1942 Dining the first week in March 1942, he had gone 
to Chanchaqui, between Piura and Huanaco, w’heie verruga is not known to occur, and he 
had leturned to Lima by Alarch 6, 1942 On klarch 9, he had left Lima for Ayacucho and 
had been delaj^ed betw-een the hours of 4 and 8 p m on lifarch 10, at Huanta, in the endemic 
legion, bj a landslide wdiich had blocked the road He had armed m Ayacucho on ?>rarch 
11, had stajed there until March 24 and had returned to Lima on kfarch 25 At noon on 
Maich 23 he had been taken with a sudden chill, complaining of headache, malaise, “feier” and 
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articular pains The next morning he had vomited once During the next few days, his 
symptoms had continued, with chilly sensations, irregulai afternoon fever and ten to twelve 
diarrheic bowel movements without blood or mucus He had been admitted to the hospital 
on March 25 

Physical Examination — ^When seen for the first time by me, on April 13, the patient was 
extremely pale and weak, was sweating profusely and had pionounced edema of the face 
and of both lower eyelids There was severe scleral icterus He had had several profuse 
nosebleeds during the day, which had been arrested by tight packing of the anterior and posterior 
nasal passages The tempeiature was 102 6 F, the pulse rate 108 and the respiratorv 
rate 16 A few small cervical glands were palpable The lungs were resonant and cleai to 
auscultation throughout, and the heart was not remarkable The liver and spleen w’eie not 
made out, and there was no evidence of fluid in the abdomen The phvsical examination other- 
wise revealed unremarkable conditions 

The laboratory data are summarized m table 4 

Subsequent Couise — The patient had a sustained fevci during most of the short time 
(fig 3) he w'as being followed b} me On the twentv -eighth dav of his disease, his tempera- 
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Tabli: 4 — Laboratoiy Data in Cast 3 
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ture was 99 4 F On the twenty-fourth day, he was found to have pronounced and painful 
swelling of the neck at the angle of the jaw bilaterally, greater on the left than on the right 
This condition was thought to represent an acute cervical adenitis The patient’s diarrhea 
continued intermittently, without blood or mucus There was tenderness over the course of 
the large bowel, without any spasm of the abdominal wall By the tw^enty-nmth da}', the 
swelling m the neck had subsided and become less painful The diarrhea was ascribed to a 
possible typhoid or paratyphoid infection, and the patient’s serum was found to agglutinate 
Eberthella typhosa to a dilution of 1 500 

During the subsequent two months, the patient’s condition was reported to have run a 
febrile course, he was said to have exhibited signs of what may have been mild peripheral 
neuritis, which subsequently subsided completely His anemia improved gradually, with only 
minimal supportive therapy, and by mid- July his red blood cell count was reported to have 
reached 3,000,000, with no organisms having been seen on smear since April 22, the thirtieth 
day of his illness 

On June 30, the ninety-ninth day of his disease, a typical eruption, consisting of scattered 
pea-sized verrugas on the face and extremities, is reported to have developed His general 
improvement was steady thereafter, and he left the hospital in August, about four months after 
the onset of his illness, still with definite eruption present 

Treatment — On the twenty-first and twenty-sixth days of his illness, the patient received 
transfusions of whole blood, of 100 and 150 cc respectively This blood had been taken 
from donors who had denied having had Carrion’s disease m the past From the twenty-third 
to the twenty-seventh day inclusive, the patient received five daily intravenous doses, of 
10 cc each, of hyperimmune rabbit serum, without untoward reaction (fig 3) , an mtradermal 
test prior to each dose invariably gave a negative reaction Further supportive treatment 
was minimal 


DISCUSSION 

In none of these 3 cases was the actual clinical picture dramatically alteied by 
the administration of specific immune rabbit serum The only point worth noting 
in this connection is the early appearance of the typical miliary eruption (on the 
fourteenth day of illness) in the second case, in which invasion of the blood stream 
was severe (fig 1) The usual course of events in untreated severe Oroya fever 
IS foi the eruption to appeal some weeks or months after the acute hemolytic infec- 
tion of the blood stream has subsided In this case, the eruption appeared shortly 
after the number of parasitized erythrocytes had been reduced below a level at which 
they were easily detectable by microscopic examination of the blood film, although 
cultures of the blood contained organisms foi some time thereafter The changes 
m the blood picture in these 3 cases were more striking 

In all 3 cases, measurable diminution m the percentage of infected erythrocytes 
began simultaneously with or shortly after the institution of serum treatment (figs 
1, 2 and 3) This reduction was real, not apparent, since the red blood cell count 
remained stationaiy or even rose slightly while the percentage of parasitized cells 
fell piecipitously Whether this change was pure coincidence or whether the 
immune serum administered was partially or wholly responsible for the rapid 
changes cannot be determined at present There are two pieces of circumstantial 
evidence which lend support to the belief that this passive immunization may have 
hastened the piocess of i educing the degree of invasion of the blood stream 

The first of these lies m a comparison of the course of the disease in these cases 
with serum treatment with the natural course of events in cases of Oroya fever 
in which the patient surMved wholly without treatment of any kind In figure 4 
are charted the percentages of infected erythiocytes determined on successive days 
for several patients from Colombia with Oroya fever The gradual reduction in 
the number of B bacilhformis oiganisms Msible on direct smear of blood from 
these patients took place over a definitely longer period than in the cases herein 



436 


ARCHIVES OF INTERNAL MEDICINE 


reported It is not impossible that this diffei ence ma} represent the favorable effect 
of passive immunization 

The second piece of evidence which suggests that immune sei um has some effect 
on organisms circulating in the blood stream lies in certain changes noted in the 
appeal ance of the growth in cultures of blood taken on successive days, including 
those on which serum was administered In all 3 cases, the colonieb of organisms 
as seen in Geiman semisohd medium in the fiist blood cultuie taken befoie institu- 
tion of therapy were finely granular and exceedingly numerous As each dose of 
seium was given, colonies in serial blood cultures became stiikingly different in 
appearance, those in the later cultuies being veiy much laiger and coarser than 
those 111 eailiei cultuies In figure 5 are shown first transfers from cultures of 
blood taken, in each case, befoie serum was given and aftei completion of serum 
therapy It is of interest that even m as many as thiee successive transfeis from 
original cultures the diffeience in morphology pieiiousl} described i\as retained 
in sinking manner What this definite change in morphologj, possiblv brought 



Fig 4 — Infection of erythrocytes during the course of untreated Oroja fever (5 cases from 
Colombia) 

about by passive immunization, signifies is not cleai One can only speculate on 
the possibility that it may repiesent a change in antigenic character, such as a trans- 
formation of a smooth to a lOugh type of giowth or from a motile to a non- 
motile state 

At any rate, theie are indications, as seen in the reduction of visible infection 
of erythrocytes and in changes in number and morphology of colonies in the blood 
cultures, that specific immune serum does have some effect toward clearing the 
blood stream of organisms A stronger serum might prove to be more completely 
effective in this regard 

The other laboratory data taken during the acute phase, in which the seium 
was given m each instance, showed no striking changes other than those associated 
with the gradual and slow general improvement which took place The severe 
aneihia showed little if any improvement in the absence of the usual supportive 
therapy, which was here entirely unobtainable The titei of agglutinins had at rst 
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been low m each case, as is usual in severe 0103 a feACi in its earl} stages The 
sudden use in titei of agglutinins is, of couise, explainable b}'’ the adininistiation 
of immune rabbit seium 

In the fiist case only were there significant changes in blood chemistiy, namely 
a revel sal of the serum albumin-globulm ratio and a strong indirect van den Beigh 
leaction Damage to the hvei was fuithei suggested m this patient by the presence 
of jaundice more intense than that usuall}'' seen in Oro}a fevei, urobilin 111 the iiiiiie 



Fig 5 — First transfers from blood cultures before (tube on left) and after (tube on right) 
serum therapy Small white colonies are seen suspended in semisolid agar medium Top tubes, 
case 1 , middle tubes, case 2 , bottom tubes, case 3 


and a definitely enlaiged hvei Theie may have been other factors at work here, 
besides the direct effect of a relative^ severe degree of rapid hemolysis, although 
the patient had denied having had jaundice previously and having used alcohol 
extensively Extensive hepatic damage, on the other hand, is knovn to occur fre- 
quently in severe Orota fever, ‘ and this adds the eftects of an obstructive mecha- 
nism to the hemol}dic jaundice already present 

4 Battistini, T S Personal communication to the author 
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SUMMARY AND CONCLUSIONS 

Immune serum of high agglutinin titer was produced in rabbits by the intra- 
^enous administration of large amounts of B bacilhfoimis, both in the fresh and 
in the formaldehyde-tieated state The titer obtained in rabbits inoculated with 
tieated organisms was as high as that m animals inoculated with the untieated 
oiganisms 

Thiee cases of severe Oioya fe\er are reported in detail 

There \\as no diamatic change in the clinical picture m any of these cases as a 
lesult of immune serum therapy, except for the prompt appearance of the typical 
ei uption in case 1 In this case, the time at which the eruption appeared was earlier 
111 the course of the disease than is usual m untreated Oi oya fever This occurrence 
IS as yet unexplainable 

It IS thought that in these cases intravenous administration of immune rabbit 
seium may have caused an appreciable diminution in the percentage of erythiocytes 
infected with B bacilhformis, as determined by examination of blood films A com- 
parison is made of these cases with 5 cases of severe untreated Oroya fever from 
Colombia The reduction of visible eiythrocyte infection appears to be much more 
giadual in these cases than in those in which immune serum was used in treatment 

Administration of immune serum m the 3 cases herein reported caused a diminu- 
tion in the number of colonies of organisms obtained in seiial blood cultures taken 
during the period of treatment The t)pe of colonies obtained in cultuies taken 
before and after administration of serum indicated a change from finely granular 
and diffuse growth to a coarse and sparsely scattered type of growth These 
changes are letained in transfers from original blood cultures, and their significance 
IS not clear 

Dr Telemaco S Battistini, Director of the National Institute of H>giene and Public 
Health, in Lima, Peru, proMded laboratori' space for the portion of this investigation earned 
out in Peru Drs E E Tjzzer, A W Sellards and Q Geiman, of the Department of 
Comparative Pathology and Tropical klcdicine of the Har\ard Medical School, made a\ailable 
extensne facilities for the preparation of materials used in the course of this w'ork Drs Carlos 
Protzel and Jose Jimenez Franco, of the Hospital Dos de Ma>o, Dr Guillermo Ricketts Re\ 
de Castro, of the militar} hospital of San Bartolome, and Dr Victor Palti ga\e permission 
lor the detailed study of the 3 cases herein reported Dr Hernando Groot, of Bogota, sup- 
plied the data on the 5 cases of Oro^a feAer from Colombia 
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To lecognize clinical and snbclinical vitamin A deficiency the blood level of 
^ itamin A,^ visual tests for night blindness,^ biomicroscopic changes in the cornea ® 
and other means have been used The results obtained and the conclusions dla^^n 
have vaiied Some authors have concluded that vitamin A deficiency is common , 
othei s have considered it to he i ai e ® 

The livei is the mam storage place for vitamin A It contains about 95 per 
cent of the total amount of the vitamin m the body Theiefoie, it can seive as an 
index of the vitamin A status Hence, it would seem that those tests foi deficiencv 
of the vitamin would be significant which paiallel low or absent stoies m the livei 

The pi esent study deals with the significance of the vitamin A level of the blood 
1 he vitamin A concentration of human blood plasma was compared with the vitamin 
A content of biopsy specimens of the livei m continuation of pieviously repoited 
studies " In addition, the histologic distribution of vitamin A in the specimens of 
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livei was studied by fluoiescence micioscopy As previously shown,® this distii- 
bution vanes gieatly in normal and moie in pathologic conditions Consequent!}, 
the distribution of vitamin A was compaied with the plasma and liver levels in 
order to undei stand better their lelationship At the same time a comparison 
between the histologic and the chemical methods was made 

In the coLiise of this investigation additional data concerning vitamin A 
metabolism were collected, such as (a) the influence of anesthesia, (/;) the lesults 
of feeding huge doses of the vitamin, and (c) the concenti ation of caiotene in the 
plasma and m the livei 

The vitamin A content of the hveis of lats has been compared with the Mtamin 
A content of the blood by seveial investigatoi s Some investigators assumed a 
close paiallehsm between the vitamin m the hvei and that in the blood®, otheis 
have failed to find it,^° the lesults apparently depending on the experimental 
condition of the lats Some relation between the vitamin A content of the blood 
and that of the liver has been found b)'^ Lewis, Bodansky and Haig^^ in infants 
studied post moitem Our own examinations’' of adults levealed parallelism onh 
in certain conditions To similai conclusions came Stew'art and Rourke 

That the relation betw'een blood and liver concentrations of vitamin A in human 
adults IS not simple is brought out by extensive chemical and histologic 
examinations, which failed to show absence of vitamin A in any adult human liver 
This speaks against the common occurrence of subchnical vitamin A deficiency m 
human beings These contrasting results can be explained only by disturbances 
m the release of vitamin A from the In^er, a possibility already suspected by Nylund 
and With in 1941 

MATERIAL AND METHODS 

The principal study concerns 76 patients operated on for conditions m the upper pait ot 
the abdomen (disease of the gallbladder, carcinoma of the stomach, peptic ulcer or carci- 
noma of the biliary tract and pancreas) The hepatic function w-as investigated by se\eral 
procedures described in another paper 

Because of studies reported, some of the patients received 75,000 U S P units of 
vitamin A orally several days before operation In all of them the vitamin A of the plasma 
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had returned to a constant level before operation To ^ary the nutritional status of the 
patients, 7 received three to seven daily doses of 500,000 U S P units of the ^ itamin, 
which was discontinued several daj's before the operation The vitamin in the blood had 
returned to a constant level before operation In 51 patients the plasma content of vitamin A 
was determined before, during (immediately after the specimen of liver was taken for biopsy) 
and one hour after the operation 

To illustrate the ranges of the preliminary (before any vitamin A was given) vitamin A 
levels in our material, the plasma levels of the 167 subjects studied are shown in table 1 
The vitamin A level of the plasma was determined by the Carr-Price reaction The 
extractions w^ere made according to the method of Kimble from 4 cc of plasma (in onlj 
a few cases from 2 cc ) The purified benzine (petroleum ether) extracts were colonmetri- 
cally estimated for the concentration of carotene by potassium dichromate standards or by 
the photoelectric colorimeter The calibration in both instances was done wutli pure ciystalline 
beta carotene IS m purified benzine The readings for vitamin A w'ere made in the majority 
of the cases with copper sulfate solutions according to a modification of Josephs’ methodic, 
in some cases the photoelectric colorimeter of Sheard and Sanford was used The two 
methods checked satisfactorily (for 100 samples both methods were used, with maximal differ- 
ences of 6 micrograms m levels below 100 micrograms per hundred cubic centimeters and 24 

Tablf 1 — Vitamin A and Caiotcne Levels of the Plasma in the Mateiial Studied 
(Pi eliminary to Any Vitamin A Administi ation or Operation) Grouped 
Accoiding to Disease and Sev 
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micrograms in levels from 100 to 500 cc ) For the reading with copper sulfate standards the 
following steps were taken The residue of the extract after evaporation of the purified benzine 
was taken up in 1 cc of chloroform , 0 1 and 0 2 cc of the chloroform solution were each trans- 
ferred with a micropipet to test tubes of the same size as the standards One-tenth cubic centi- 
meter of chloroform was added to the test tube containing 0 1 cc of chloroform extract, and 
then to each tube 1 cc of a saturated solution of antimony chloride was added and a com- 
parison was made immediately with the copper sulfate standards, the maximum color, which 
fades in a few' seconds, being utilized If the color with 01 or 02 cc was too weak, a 
greater aliquot of the original chloroform solution was reduced by evaporation to 02 cc for 
the reading In each determination, readings of at least two concentrations w'ere made, which 
had to check For the photoelectric colorimeter 0 3 cc of the chloroform extract w'as trans- 
ferred to microcells and 1 8 cc of antimony trichloride was added immediately before reading 

The copper sulfate standards and the photoelectric colorimeter were calibrated with chloro- 
form solutions of tw'o batches of crystalline vitamin A alcohol 20 Since crj stalline vitamin A 
IS not stable in chloroform solution, probably because of ultraviolet irradiation,2i care was 
taken to calibrate wuthin tw'enty minutes after the crystals were dissolved in chloroform 
During this interval, no appreciable loss of vitamin A w'as found bj the Carr-Price reaction 

18 Recened from the S M A Corporation, Chagrin Falls, Ohio 

19 Josephs, H W Bull Johns Hopkins Hosp 65 112, 1939 

20 Supplied bv Distillation Products, Inc , Rochester, N Y 

21 Embree, N D Indust &. Engin Chem 13 144, 1941 
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A second calibration was done with crystalline vitamin A in chloroform solution to wdiich 
were added liver oils obtained from young rats kept on a vitamin A-deficient diet for tw-enty- 
seven days after w^eaning The extracts were made by treating the livers as for vitamin A 
assay, to be described later No appreciable difference was encountered in the calibration 
curves (fig 1) The results are reported in micrograms per hundred cubic centimeters of 
plasma The conversion factor of microgram to units is 3 28, as we also found in deter- 
mining three batches of vitamin A concentrates containing 200,000 U S P units per gram -o 
For 36 patients duplicate determinations checked satisfactorily For some of them, these dupli- 
cates were made only w'lth 2 cc of plasma 

After removal of grossly apparent capsule or vessels from the liver, biopsj specimens 
consisting of 0 1 to 0 4 Gm of liver w'ere saponified m double the amount of a 20 per cent 
aqueous solution of potassium hydroxide for forty-five minutes in a boiling water bath 
according to the method of Skurnik and Suhoncn The hydrolysate was treated like the 
plasma, as previously described after addition of an equal volume of water Occasionally the 
chloroform solution w'as diluted several times before the reading, to bring it into the range of 
the copper sulfate standards or the calibration cune The hepatic concentration is recorded 
as micrograms per gram of fresh Incr 



Fig 1 — Calibration curve of copper sulfate solutions by chloroform solution of crvstalhne 
vitamin A with and without added liver oils obtained from vitamin A-deficient rats 

The saponification of blood is a moot question, since during saponification substances other 
than vitamin A may be liberated or destroyed, which might increase, reduce or interfere 
with the development of the Carr-Pnee reaction In our experience in 45 cases, saponification 
of the plasma made no difference in v^alues above 30 micrograms but may be significant 
below that level 

For neither the liver nor the plasma concentration of vitamin A was a correction made 
for the antimony trichloride color deriv^ed from the presence of carotene or carotenoids. 
The blue reaction due to vitamin A develops immediately and fades much faster than that 
due to carotene Reliable information is not av'ailable as to how much of the immediate blue 
color IS due to carotene Our figures maj', therefore, be influenced to a small degree by 
carotene 


22 Baxter, J C , and Robeson, G D J Am Chem Soc 64 2411, 1942 

23 Skurnik, I , and Suhonen, P Ztschr f Vitaminforsch 8 316, 1939 
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For Iiistologic examination, the specimen of Iner was fixed in solution ot formaldehyde 
U S P diluted 1 10 After one hour frozen sections were examined under the fluorescence 
microscope for content and distribution of vitamin A®*’ Vitamin A gnes a characteristic 
green fluorescence, which fades quickly owing to the irradiation The specificity of this 
fluorescence has been established The exact localization of the fluorescence was examined 
in sections stained with methylene blue, which were studied both under ultraviolet rays and 
under visible light The fat distribution was studied with an extremely sensitive fluorescent 
stain for fat, phosphm 3 R Fluorescence photomicrographs were taken of each specimen for 
permanent record 20 In addition, frozen sections were stained wuth sudan III The rest of 
the fixed specimen was embedded m paraffin and submitted to routine histologic examination 


FINDINGS AND ANALYSIS 

I Vitaimn A Levels m Oni Mateual — Table 1 shows the plasma Mtamm A 
levels detei mined before vitamin A was administered and before any operation 
Because of the particular population of a charity hospital, these levels may not 
compare with those found in healthy persons or in patients of an economically 
better class In addition, the hospital diet may cause variations The values are 
presented to show the preliminary levels of the material on which further studies 
have been made Owing to technical reasons the majority of our 167 subjects were 
male, and statistical conclusions are thus possible only for them In patients Yith 
peptic ulcei or disease of the gallbladder without jaundice, m patients with miscel- 
laneous diseases and in those admitted because of hernia or fractures, an average 
level of between 27 and 34 micrograms was found In renal disease, in agreement 
with prior reports,^® the average level was much higher Confirming the obser- 
vations of Abels and associates,^^ our results showed that patients yvith a malignant 
gastrointestinal neoplasm had a plasma vitamin A level about half as high as the 
level of the aforementioned groups In patients recovering from an infectious 
disease -® and especially m those with hepatic disease or obstructive jaundice, low, 
and often zeio, levels were encounteied, which is 111 agreement with the clinical 
vitamin A deficiency found occasionally in these conditions 

Conclusion The vaiiation encountered m the preliminary levels of vitamin A 
111 the plasma of the 167 patients studied agiees with obseivations made by otheis 
In this mateual the average plasma level lies around 30 microgiams pei hundred 
cubic centiineteis 


II Change of Vitamin A Level Duung Opeiahon (Possibly Due to Anes- 
thesia) — If the comparison between the vitamin A content of the plasma and of the 
hvei IS to be significant, the stability of the plasma vitamin A level must be examined 
dm mg opeiation and anesthesia Clausen and associates-® have shown that aftei 
intake of alcohol the blood level of vitamin A uses owing to mobilization of vitamin 
A fiom the hvei depots On the othei hand, the reduction of the prothrombin 
level (vitamin K) duung anesthesia has been demonstrated®® Therefore, the 


24 Popper, H , and Greenberg, R Visualization of Vitamin A in Rat Organs bv Fluor- 
escence Microscopy, Arch Path 32 11 (July) 1941 

25 Popper, H , and Elsasser, I^I Canad J M Technol 3 45, 1941 

26 (a) Hedberg, J , and Lindquist, T Acta med Scandinav 90 331, 1939 (b) Clausen 

S W , Baum, W S , McCoord, A B , Rjdccn, J O , and Breese, B B T Nutrition 

24 1, 1942 

27 >\bels, J C , Gorham, A T , Pack, G T, and Rhoads, C P J Ciin Investigation 
20 749, 1941 

28 Clausen, S W, and kIcCoord, A B J Pcdiat 13 635, 1938 Thiele W S and 

Scherff, T Klin Wchnschr 18 1275, 1939 inieie, u b , and 

29 Clausen, S W Breese, B B Baum, W S , McCoord, ^ B, and R^deen, J O 
Science 93 21, 1941 Clausen and others 

30 Allen G D, and Lningstonc, H Anesthesiology 1 89, 1940 
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influence of anesthesia and opeiation on the plasma vitamin A level was studied 
Of 51 subjects, 35 had identical plasma levels before, during and after operation 
(fig 2B) In 16, a minor decrease of the level was noted (fig 2 A), vhich, 
analogous to some obseivations on vitamin K, might be due to the anesthesia 

The following types of anesthesia weie used spinal (29 subjects), ethei 
induced (13 subjects) and cyclopiopane induced (9 subjects) However, no 
significant diffeience between the various types of anesthesia were noted Accord- 
ing to these obseivations, a faiily constant plasma level may be assumed, which 
confirms the observations of Stewait and Rouike^- In all comparisons with the 
hvei content to be described latei, the vitamin A le\el of the plasma during 
operation was used 

Conclusion The vitamin A level of the plasma does not appieciably change 
during operation 

III Vauahon of the Vitamin A Content oj the Livci — The hteiature contains 
contradictory repoits as to the vaiiation of the content of vitamin A in dififerent 
paits of the hvei For 22 subjects ve detei mined the Mtamm A content from 
two different paits ot the same biops\ specimen but found no significant chfifeience 



Operat-ion 

Fig 2 — Averages of plasma Mtamin A Icicls of 51 subjects before, during and after 
laparotomy In 16 a slight decrease vas found {A), in 35 no change was seen (5) 

The maximum difterence was 13 microgiams and the minimum 1 microgiam with 
an average difference of 4 miciogiams This confiims our otvn experiences with 
animal hveis 

Since surgical pioceduies duiing laparotoiity might influence the Mtamm A 
concentiation of the liver,®- two separate biopsies w^eie made on 2 subjects, at the 
start and at the end of the opeiation No appreciable diffeience was encountered 
(first biopsy 61 and 70 miciogiams and second biopsy 58 and 66 microgiams pei 
gram, respectively), m confirmation of the studies of Stewait and Rotiike Undei 
the fluorescence microscope, the fiist and second biopsy specimens checked also 

Conclusion No appreciable diffeience in the hepatic vitamin A concentiation 
was found, in regaid either to diffeient paits oi to the time of the biops}'- 

IV Compel ison Bctiveen the Vitamin A Concenti ations in the Plasma and in 
the Livci — In our mateiial the plasma vitamin A levels Availed wudelj'^ (fig 3) 
Low levels weie encountered chiefly in patients with jaundice, high levels were 

31 Sen, K, and Sharma Indian J Vet Sc 6 128, 1936 Rouikc, G M, and Stewart, 
J D Composition of Liver, Arcli Path 33 603 (May) 1942 Lmdqvist 

32 Young, G, and Wald, G Am J Phvsiol 131 214, 1940 
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found mostly m patients who received large doses of vitamin A Both these facts 
enabled us to compare the liver content with a wide range of the vitamin A le\el 
m the plasma If in a greater numbei of cases the average hepatic content is 
compaied with the average plasma le\el, a parallelism between the vitamin A 
concentration in the liver and that m the plasma may be construed and is apparent 
111 the statistical consideration of section V If, however, the cases aie considered 
mdiMdually, no direct parallelism existed betw^een the vitamin A concentration m 
the hvei and that m the plasma Thus, a liver content of 110 micrograms pei 
gi am w as at times found wnth a plasma level of only 7 micrograms and in anothei 
instance wnth one of nearly 70 micrograms per hundred cubic centimeteis At 



to 20 30 40 50 100 150 

ViraminAlcvelin miCro^ramS per lOOdC 
of plasma. 


Tig 3 — \ itamin A levels of the plasma duiing operation coniiaied with the vitamin A 
content of biopsy specimens from the Iners of patients vith and patients wnthout jaundice 

othei times a liver content of 56 inici ogi ams per gi am w as encountei ed m a patient 
with a plasma level of 50 microgiams per hundred cubic centimeteis Howetei 
m all subjects wuth high plasma vitamin A level (ovei 60 micrograms per bundled 
cubic centimeteis) the hepatic concentration w^as high Low or zero values foi 
plasma vitamin A w^eie encountei ed with both lelatively high and relatively low 
vitamin A content m the liver The discrepancy between the concentration in the 
plasma and that in the liver was especiall} gieat m patients with jaundice In 
these the plasma level Avas usually low despite a normal or only slightly decreased 
hepatic concentiation of Autamin A 
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Conclusion The vitamin A content in the plasma and that m the liver displai 
a paiallehsm only when the plasma level is high 

V Compaiison Between the Vitamin A Content of the Plasma and of the Livei 
and the Htstologjc Dtstuhutwn of Vttamm A — Comparison of Vitamin A Fluor- 
escence and Vitamin A Content of the Liver In animal experiments under varied 
conditions, a parallelism between the vitamin A content (chemical) and the amount 
of vitamin A fluorescence was proved/^ whereas m human subjects this parallelism 
seems questionable This study enabled us to compare the histologic and chemical 
methods as applied to the human liver 

In table 2 the total amount of vitamin A fluoiescence is indicated b) symbols 
and comj^ared with the chemical assay With few exceptions, the results of the tw o 


Table 2 — Covipartson Behvcen the Resntts of the Chomcat As^ay jot Vitamin A and the 
Tolat Amount of Vitamin A Fluorescence in Biopsy Specimens of Human Livci, 
Ariangcd in Order of Chemical J'ltamin A Content 
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methods check With some practice one is able from the histologic pictuie to 
pi edict the chemical result closely 

Ow mg to this parallelism, the i elation betw een the plasma vitamin A. le\ el and 
the total vitamin A fluorescence in the livei was found the same as between the 
plasma vitamin A level and the chemical assa}*- 

Iriegularity of Distribution of Vitamin A Fluorescence In noimal human 
Inei (fig 4 A and B) vitamin A fluorescence is imparted b} lipids in Kupftei 
cells and in the epithelial cells by fine hpid droplets at the edge of the cells, by a 
few' medium-sized or large fat droplets, by lipofuscin, by mitochondiia and bj' the 
cjtoplasm Some of the these lipids may not be demonstrable b} sudan III but 

33 Popper, H , and Brenner, S J Nutrition 23 431, 1942 

34 Schairer, E , Rechenberger, J , Gockel, H , and Patzelt, K Virchows Arch f path 
Anat 305 360, 1939 
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aie visualized by staining uith phosphin 3 R The vitamin A distnbution vanes 
somewhat, even with identical total amounts of vitamin A and in hveis which aie 
normal on routine histologic examination®*’ (fig 4 C) 



Fig 4 — Fluorescence photomicrographs of biopsy specimens of liver A, normal distri- 
bution of the vitamin A fluorescence which is imparted by Kupffer cells, fine lipid droplets 
in liver cells and by a few irregularly scattered, large fat droplets, the diffuse dull fluores- 
cence of the cytoplasm is not recognized m this photograph, B, high power field of a human 
liver with regular vitamin A fluorescence imparted by relatively large droplets in the Kupffer 
cells and by fine dioplets at the edge of the liver cells, C, slightly irregular distribution of 
the Mtamin A fluorescence in a liver without any signs of parenchymatous damage on routine 
histologic examination 
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Actually, no human liver examined showed the even and regular distiibution of 
the vitamin A fluorescence found in expeiimental animals, which suggests that in 
patients coming \to opeiation the structure of the livei is not completel} normal 
Practically all human livers examined by loutine histologic methods showed some 
changes m the periportal fields, i e round cell infiltration Pathologic changes of 
the parenchyma, however, are less easily recognized by routine examination The 
deviations of the fluorescence microscopic pictuie from the normal are prevalence 
of Autamin A in Kupfifei (fig 5^) or liver cells (fig SB), development of 
medium-sized to laige-sized fat dioplets wuth high, low, absent or varying vita- 
min A fluorescence (fig 6A,B and C) , iiiegulai distribution throughout the cyto- 
plasm of the liver cells of small to medium-sized fluorescent fat droplets wdiich 
normally are distiibuted only at the edge of the cells, bizarre shapes of the Kupffei 
cells outlined by the fluorescent hpid dioplets in them (fig 7 A) , great variation 



Fig 5 — Fluorescence photomicrographs of biopsy specimens of liver A, marked Mtamm A 
fluorescence imparted almost exclusively by the Kupffer cells, B, marked vitamin A fluores- 
cence almost exclusively imparted by fine droplets and a few irregularly scattered, large fat 
droplets in the liver cells 


m the morphologic details from cell to cell, often chai acterized by small foci with 
a fluoiescent vitamin A pattern completely diffeient from the other (fig 7 B) 
Not all of these variations are apparent m visible light Some of the variations 
wnthin the lobules are limited to ceitam aieas of the lobule and are probabh not 
pathologic but rathei due to functional changes Such variations aie also found 
in healthy experimental animals undei varied nuti itional conditions Thus, the 
absence of vitamin fluorescence fiom the immediate central or peripheral areas is 
not necessarily pathologic The diffuse vitamin A fluorescence of the cytoplasm 
A^anes greatly If to these vaiiations of the Autamin A fluorescence the appeal ance 
ot other fluoiescent details are added, such as biowm-red hpofuscin fluoiescence 


35 Popper, FI, and Steigmann, F To be published 
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gieen, not fading, bilnubin fluoiescence, black spots due to lack of fluorescence of 
the bile casts and red hematoporphyrm fluoiescence as seen in some cirrlioses, an 
impressive vai lability of the fluoiescence pictuie may result In table 3 the degree 
of vai lability is compared with the incidence of pathologic changes on routine 
histologic examination associated with the average liver and plasma levels of vita- 
min A In the subjects with maiked variability, pathologic changes of the 



Fig 6 — Fluorescence photomicrographs of biopsy specimens of liver A, marked vitamin A 
fluorescence of large, fat droplets, which is stronger than that of the Kupffer cells, in a liver 
which appears normal on routine histologic examination, B, variable vitamin A fluorescence 
m the large fat droplets m a cirrhotic liver (a few bizarre-shaped Kupffer cells impart 
vitamin A fluorescence) , C, fat di oplets showing nearly no vitamin A fluorescence as com- 
paied with the marked fluorescence of the Kupffer cells in a patient with disease of the 
gallbladder without jaundice 


paienchyma, such as central and mihary necioses and interstitial hepatitis, are 
encounteied, the plasma and livei concentiation of vitamin A shows a tendency 
to be low The lattei corresponds to the low vitamin A fluoiescence usually 



Tabie 3 — Relation Beizveen Dcgiec of Dislwbancc of Vitamin A Fluoi escciice Pattern 
and Pathologic Changes m the Ltvet and the Vitamin A Conccn- 
tiation m Liver and Plawia 
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Fig 7 — Fluorescence pliotomiciographs of biops\ specimens of Incr A, iitamin A fluores- 
cence imparted by a few birarre-sbaped KupfTcr cells in a jaundiced patient with a malignant 
neoplasm of the biliary tract and low hepatic concentration of Mtamm A, B, rehtnch marked 
vitamin A fluorescence imparted bj Kupffer cells and fine droplets in the liver cells in a 
circumscribed area, whereas the surrounding areas arc almost devoid of vitamin A fluorescence 
(there was no difference between the two areas on routine histologic examination) 


T VBLE 4 — Relation Bclzvccn the Vitamin A Pluoiciccncc ui the Kupffer Cells and 
Liz’ci Cells as Compaied zvitli the Pathologic Changes in the' Liver and 
ziitli the Vitamin A Concentialwn in Liz’ci and Plasma 
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obseived in association with great variability of the histologic pictuie At pieseiit 
the cause and significance of most of the variations is unknovn It ma} be 
suspected that the absence of vitamin A from the fat often encounteied in ciiihosis 
may have something to do with choline deficiency^® Some ^allatlon may be 
caused by other nutiitional alterations 

Pievalence of Vitamin A Fluorescence in Kupffei Cells The pievalence of 
vitamin A m Kupffer cells has been noted when the vitamin is fed in excess 
Generali} when high amounts of vitamin A are found, the Kupffer cells are iich m 


Vita-min A FluorcAcenCc in — 



5 2Z 28 15 2 

ISFumbcr of Cases 


Fig 8 — Comparison of the degree of the vitamin A fluorescence in Kupfter cells and in 
livei cells with the concentration of vitamin A in liver and plasma 

It This study provides an opportunity to compai e the amount of vitamin A 
fluorescence m Kupffer cells and m liver cells with the concentrations in the plasma 
and the liver (fig 8) If average levels are compared, the amount of vitamin A 
fluorescence m Kupffer cells is in piopoition to the total amount of vitamin A m the 
liver The vitamin A fluoresence in the liver cells vanes also pioportionally but 

36 Popper, H, and Chinn, H Proc Soc Exper Biol & Med 49 202, 1942 

Ifirt, A, and ^Vimmer, K Khn ^Vchnschr 19 123, 1940 Popper and Greenberg -■* 
Poppei and Brenner 
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to a lessei degree, shown by the fact that an extremely high (4 plus ) vitamin A 
fluorescence in the liver cells was nevei found The variation of the plasma level 
m compaiison with vitamin A fluorescence in the Kupffer and liver cells is not 
marked 

The points emphasized are borne out by table 4, in which the obseuations are 
analyzed as to prevalence of vitamin A fluorescence m eithei Kupffei or liver cells 
The higher the hvei level the greater is the prevalence of the vitamin A fluorescence 
of the Kupffer cells ovei that of the liver cells, wheieas the plasma levels are not 
as closely related One may assume that, as m animals, excessive amounts of 
vitamin A m the liver are stored m the Kupffer cells However, as m the expeii- 
mental animals, not enough evidence is piesent to connect the high vitamin A 
fluorescence of the Kupffer cells with the vitamin A level m the plasma 

Analysis of Results on Subjects with Discrepanc}’^ Between Plasma and Ln^er 
Vitamin A Concentration The fluoiescence microscopic examination maj be used 
to explain the discrepancy between plasma and liver vitamin A and also to aid 
111 interpreting low or zeio plasma levels In this imestigation we observed 

6 instances of discrepancy between the Mtamin A concentrations m the plasma and 
liver (table 5) The tests of hepatic function, when performed, showed severe 
impaiiment The routine histologic examination levealed damage of the paren- 
chyma In all instances the distribution of vitamin A was highly irregular, there 
was, howevei, no specific distuibance of the pattern The cytoplasm of the liver 
cells showed much green bilirubin fluoiescence, and many black bile casts were 
seen The fat droplets did not show vitamin A fluorescence, nor did most of the 
Kupfter cells When Kupffer cells did show it, the} were bizaiie in shape and not 
adjacent to liv'ei cells manifesting vitamin A fluoiescence When fine lipid droplets 
regularly lined the edges of the cells, they showed a rather irregular vitamin A 
fluorescence (fig 9 A) All this suggests a distuibance m the normal i elation 
between storage in Kupfifer cells and that m hvei cells This, however, was not 
restricted to these subjects only and hence cannot be considered solel} responsible 
for the discrepancy between the plasma and the liver concentration of vitamin A 

Analysis of Results on Subjects with Plasma Vitamin A Level of Zero All 

7 patients showed great v^aiiation of the vutamin A fluoiescence pattern In 1 of 
them the Kupffei cells only showed vitamin A fluorescence, in 2 of them nothing 
was seen in the Kupffer cells, while the remaining 4 showed vntamin A fluorescence 
m 11 regular distribution in both the Kupffer and the liver cells The few scattered 
Kupffer cells impaiting vitamin A fluoiescence vveie bizarre m shape In liver 
cells the fluorescence was found chiefly m medium-sized and large-sized fat droplets 
m an irregular distribution In 3 subjects, many fat droplets without fluorescence 
were encountered, even fine lipid droplets at the edge of the cells failed to show 
vntamm A fluorescence The characteristic feature m this group w'as iriegular 
distribution and prevalence of fat without vitamin A fluorescence (fig 9 B) 

Analysis of Results on Subjects with Plasma Vitamin A Level Below 7 Micro- 
grams per Hundred Cubic Centimeters Six patients with a plasma vitamin A 
level above zero but below 7 miciograms lev'ealed gieat v'ariation m the vntamm A 
distribution Most of them showed vntamm A fluorescence only m the inter- 
mediate zone, while in the central area there were usually biliary deposits and 
often biliary necrosis The peripheral aiea rev'^ealed large cells with daik cytoplasm 
without vitamin A or fat In most much brown fluorescent pigment of the nature 
of lipofuscin or iron was seen Usually more vutamin A fluorescence w^as observed 
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in the Kupfter cells than in the hvei cells, the cytoplasm being free of vitamin A 
The fine droplets occasionally observed at the edge of the cell were inegularly 
distiibnted and were usually not m the vicinity of KupfTer cells wnth vitamin A 
fluorescence 

' Conclusion Vitamin A fluorescence m the human liver parallels the hepatic 
concentration determined chemically If high amounts of vitamin A are present 
in the liver, they are stored chiefly m the Kupffei cells The noiinal pattern of 
distribution of the vitamin is altered if there is minor parenchymal damage with 
severe damage the pattern piesents greater changes than the alterations noted 
on loutine histologic examination These A’^ariations aie marked in the case of 



Fig 9 — Fluorescence photomicrographs of biopsy specimens of liver A, rather marked 
vitamin A fluorescence in extremelj irregular distribution imparted by irregularly shaped 
Kupffer cells and by fat droplets of varying sizes and uneven distribution in the liver cells 
in a patient with obstructive jaundice and marked discrepancy between the hepatic concen- 
tration of vitamin A and the low plasma vitamin A level, B, slight vitamin A fluorescence 
imparted by a few Kupffer cells and isolated small fat droplets in liver cells in a patient vith 
low vitamin A concentration in liver and plasma (malignant neoplasm of the biliarj' tract) 

subjects wuth low blood levels of vitamin A, although pathognomonic morphologic 
changes could not be made out 

rv Effect of Admimstiatwn of Laige Doses of Vitamin A — In all 7 sub- 
jects who received the huge supplements, of 500,000 U S P units of vitamin A 
daily, the plasma level rose strikingl)”^ Even zero levels, as in jaundice, and 
low' let els, as in pyloric obstruction, reached at least normal levels (table 6) 
The Aitamin A content of the livei was extremely high, even in the presence ot 
hepatic damage Although no preliminaiy hepatic levels weie available the assump- 



Table 6— Data on Pahenls Who Received Seveial Doses of 500,000 U S P Units oj Vifaimn A Befoic Opoatwn 
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tion can be made that rather high amounts of vitamin A have been deposited in 
the liver No increase of the carotene deposit, however, can be assumed 

The average amount of vitamin A in the liver of 5 nonjaundiced subjects 
receiving 500,000 U S P units of vitamin A daily v as 366 microgiams per gram 



Fig 10 — Fluorescence photomicrograph of a biopsj specimen of luer from a patient without 
hepatic damage after he had receued six dailj' doses of 500,000 U S P units of vitamin A 
(pronounced vitamin A fluorescence imparted chiefly b,\ the Kupflfer cells and onl}' to a smaller 
extent by fine lipid droplets at the edge of the liver cells) 



Carotene in. l^icro^rams per lOOco Plafema 

Fig 11 — Carotene levels of the plasma during operation compared with the carotene con- 
tent of biopsy specimens of liver from patients vvuth and from patients without jaundice 

If 100 micrograms is taken as the average hepatic concentration, an increase of 
266 micrograms can be assumed In a liver of 1 ,500 Gm the amount stored 
would be 390,000 micrograms or, with a conv'ersion factor of 3 28, 1,279,200 
U S P units of vitamin A The patients rece wed an average of 3.150,000 U S P 
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units each Hence, one might presuppose that almost one half of the amount fed 
has been stored in the liver 

For 2 jaundiced subjects a similar comparison is impossible since an average 
of the hepatic concentrations of vitamin A could not be taken and the size of the 
liver was also unknown If the latter is assumed to have weighed 1,500 Gm , 
it would mean that the average total amount was 811,800 U S P units Since 
they each received 2,600,000 units of vitamin A, definitely much less had been 
stored in their livers than in normal livers, even if it is assumed that no vitamin A 
was previously piesent in the liver 

Also histologically by fluorescence microscopy extremely high amounts of 
vitamin A were encountered in the livers of all these patients The vitamin A 
fluorescence was predominantly seen in the Kupffer cells (fig 10) In the 
2 jaundiced subjects the vitamin A was seen not only in the pathologic areas, as 
in the fat droplets, but in the normal sites, in Kupffer and in liver cells 

Conclusion After administration of huge amounts of vitamin A, the vitamin A 
content of the human liver is increased strikingly even in jaundiced subjects, 
although to a somewhat lesser degree than in nonjaundiced subjects The plasma 
level of the vitamin rises, but not to the same extent 

VII Studies on Caiotene — Foi all subjects studied, the level of carotene in 
the plasma and in the liver has been determined simultaneously with that of the 
vitamin A A leview of the carotene level in the specimens of plasma examined 
failed to show similar lelations to diseases as the vitamin A level (table 1) Dur- 
ing operation and during anesthesia no changes of the carotene level of the plasma 
were noted Figure 11 shows that no definite relationship could be elicited 
between the carotene concentrations in the plasma and in the liver The only note- 
worthy observation was that m jaundiced patients the level of carotene in the liver 
is usually low, which confirms the observations of Ralli and co-workers 

Conclusion No characteristic behavior was indicated from tlie determinations 
of the carotene levels in plasma and in the liver 

COMMENT 

The comparison between the vitamin A concentration in biopsy specimens of 
liver and the plasma shows that on the average subjects with a high hepatic 
concentration have a high plasma level and that subjects with a low plasma level 
have a low hepatic concentration If, however, values foi individual subjects are 
taken, no direct relation exists between the plasma level and the hepatic concen- 
tration of vitamin A Similar results are found in the tables of Stewart and 
Rourke and Abels and associates An attempt to use the plasma vitamin A 
level as an index of the vitamin A depots of the body of an individual subject 
IS justified only if the plasma level is normal or, better still, if it is high, since a 
high plasma level points to a normal or high hepatic concentration A low plasma 
level, on the other hand, does not necessarily indicate depleted liver stores Since 
low plasma levels may coincide rvith normal or depleted liver depots, the question 
arises whether in subjects with normal liver depots and lov plasma levels clinical 
vitamin A deficiency exists , in other words, whether the plasma level or the liver 

38 Ralh, E P , Papper, E , Paley, K, and Bauman, E Vitamin A and Carotene 
Content of Human Liver m Normal and in Diseased Subjects, Arch Int Med 68 102 
(July) 1941 

39 Abels, J C , Gorham, A T , Pack, G T , and Rhoads, A B Proc Soc Fvnpr 

Biol & Med 48 488, 1941 ^ 
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content indicates the vitamin A status of the body and thus the lequirenients foi 
supplements of the vitamin 

Primarily, one would be inclined to consider the livei level, which represents 
the vitamin A depots in the body, as an index of the vitamin A status However, 
the results of fluorescence microscopic examination of the biopsy specimens of 
liver point rather to the plasma level as the indicator of the vitamin A status The 
distiibution of the vitamin A fluorescence varies gieatl}, which indicates that 
chemically identical amounts stored may have different functional significance In 
animal experiments we were able to show that m hepatic damage vitamin A 
shifts from normal sites, lepresented by Kupfter cells and by fine droplets at the 
edge of the liver cell, to pathologic sites, represented by large fat droplets Further- 
moie if carbon tetrachloiide-intoxicated rats are kept on a vitamin A-deficient 
diet, the vitamin A in the pathologic sites is less available for utilization The 
vitamin A remains longer m the fatty than in the noimal areas In human material 
a distuibance of the distribution also occuis Some degree of it was found in 
eveiy specimen It is more marked in pathologic hveis although less uniformly 
than in the livers of the carbon tetiachlonde-intoxicated animals This distur- 
bance of vitamin A distribution is especiall} pronounced m patients with jaundice 
Thus, a shift of the vitamin A fluorescence from the Kupffer cells and fine droplets 
at the edge of the liver cells in human beings results in a ver} irregular and some- 
times very bizarre picture, with a disturbance of the noimal topographic relation 
betw'een vitamin A fluorescence of Kupffei cells and liver cells 

All these changes indicate, in addition to the disturbance of the general hepatic 
function, severe distuibance of the vitamin A metabolism within the liver Patients 
wnth discrepanc}' betw'een jilasma level (low) and Iner stores (quantitative!} 
normal) usually showed pathologic hepatic function on clinical examination and 
parenchymatous damage on routine histologic examination All showed severe 
disturbances of the vitamin A distribution although a specific morphologic picture 
associated wuth such a discrepancy could not be ascertained The disturbance 
in the distribution may explain the impaiied release of vitamin A from the liver 
Disturbances in the release of vitamin A were already suggested by seveial facts 
In young rats the first signs of vitamin A deficiency appear after exhaustion of the 
liver depots,'*^ wheieas m older rats and in other animals tiaces of vitamin A 
may be found in the liver at such a time In human subjects moreo^er, night 
blindness may appear w^hile there is still consideiable Autamm A m the liver Thus, 
in diabetes melhtus " as well as in thyrotoxicosis'*"' night blindness as a sign of 
vitamin A deficiency and even low’^ blood levels *“ have been reported, in spite ot 
the fact that the cadavei liver of a subject with this disease usually contains con- 

40 Popper, PI , Steiginann, F , and Dynicw icz, H A Proc Soc Exper Bio! & Med 
50 266, 1942 

41 Dann, W J Biochem J 26 1072,1932 Baumann, Rnsing and Steenbock Brennei, 
Brookes and Roberts Popper and Greenberg-' 

42 Davies, A W , and Moore, T Biochem J 31 172, 1937 

43 Guilbert, H R , and Hart, G H J Nutrition 8 25, 1934 Guilbert, H R , and 
Hinshaw, R ibid 8 45, 1934 Leong, P C Biochem J 35 806, 1941 

44 Brazer, J G, and Curtis, A C Vitamin A Deficiency in Diabetes Melhtus, Arch 
Int Med 65 90 (Jan) 1940 

45 Wohl, M G , and Feldman, J B Endocrinology 24 389, 1939 Zaftke, K H 
Arch f Ophth 140 61, 1939 

46 Wendt, H IMunchen med Wchnschr 82 1660, 1935 Lindqvist^'^ 
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siderable amounts of vitamin A^~ Lifidq\ ist found m pneumonia low serum 
levels of vitamin A but normal depots m the liver at necropsy 

Many metabolites show^ an equilibrium in their balance betw^een blood and livei 
In the case of some metabolites, e g dextrose, the blood level regulates the hvei 
storage In the case of vitamin A, on the other hand, at least undei normal 
conditions the plasma level is obviously regulated and maintained by the hvei 
The liver is able to maintain for a certain length of time a normal blood level, 
even wuthout nutritional supply In pathologic conditions this regulation by the 
liver IS impaired, as seen from the data for subjects with a high hepatic concentia- 
tion and a low plasma level This disturbance of the release makes the plasma 
level more impoitant for the recognition of vitamin A deficiency than the hepatic 
concentration, because only the circulating vitamin A is of functional value Acute 
hepatic damage presents an example of this The low'^ plasma vitamin A level 
and the night blindness seen in catarrhal jaundice or in secondary hepatitis of 
obstructive jaundice^" cannot be explained on the basis of distuibed intestinal 
absorption, since many months are required to deplete the healthy organism of 
vitamin A 

Clausen and associates have showm that in certain pathologic conditions 
(e g after ingestion of alcohol) an increased release of vitamin A from the hvei 
into the blood may occur An indication of such a piocess w'^as not encountered 
in our mateiial, although some histologic pictures may well be connected with 
such an occurrence 

SUMMARY 

This study, perfoimed by chemical methods and fluorescence micioscopy, is 
concerned with the comparison between the plasma vitamin A level and the hepatic 
vitamin A concentiation m human subjects undei normal and under pathologic 
conditions 

The plasma vitamin A level showed gieat variations brought on by varied 
nutritional intake and by disease It is moderately reduced in carcinoma of the 
gastrointestinal tiact and greatly reduced in hepatic damage and in jaundice 

Anesthesia has little, if any, influence on the plasma vitamin A level Com- 
parison between the plasma level and the vitamin A concentration in biopsy speci- 
mens of livei over a wide range of the plasma vitamin A level (patients wuth 
jaundice, normal patients and patients receiving huge feedings of vitamin A) shows 
a parallelism betw^een plasma and liver vitamin A concentrations only if the average 
of a fairly great number of cases is taken If individual cases are considered no 
relation betw^een these twm factors exists The plasma vitamin A level is thus 
no index of the liver stoies of the vitamin, except that a high plasma level indicates 
normal or high stores In contrast, low plasma levels may be associated wuth 
high or low liver contents of vitamin A 

The fluorescence microscopic picture shows great vaiiations of the vitamin A 
fluorescence pattern These variations are extremely marked m pathologic condi- 
tions of the livei and offei a possibility to recognize hepatic damage morphologi- 

47 Afoore Popper s*’ 

48 Soskin, S Physiol Rev 21 140, 1941 

49 Murnll, W A , Horton, P B , Leiberman, E , and New burgh, L H J Chn Investi- 
gation 20 395, 1941 Steininger, Roberts and Brenner ic 

50 Lasch, F Khn Wchnschr 17 1107, 1938 Breese, B B , and AIcCoord A B 
J Pediat 16 139, 1940 Lindqvist 

51 Wohl, A'l G, and Feldman, J B Am J Digest Dis 8 464, 1941 
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cally before it is levealed b} routine histologic examination The disturbance 
of the pattern is pronounced when there is gieat discrepancy between plasma and 
liver concentrations of vitamin A Since apparently the plasma level is regulated 
by the liver, these pathologic changes in distiibution of vitamin A explain distur- 
bances in the release of the vitamin and the consequent discrepanc}'’ In hepatic 
disease and in jaundice this disturbed release seems to be common In general, the 
plasma level seems a better index for the functional status v ith regard to vitamin A 
than do the hvei stoies 

Intake of huge doses of vitamin A raises the concentration in the plasma and 
much more that in the liver This increase is less pronounced m jaundice 

The amount of Autamm A fluorescence as seen undei the micioscope and the 
chemical assay foi vitamin A (the method of which is discussed) run parallel in 
the human livei If high amounts of vitamin A aic piesent, they aie chiefly found 
in Kupffer cells 



CHANGES IN OPTIC FUNCTION AND 
OPHTHALMOSCOPIC PICTURE 

OBSERVED IN FOUR PATIENTS OF THE EUNUCHOID SKELETAL 
TYPE WHO WERE BEING TREATED WITH 
AN ORCHIC EXTRACT 

MARTIN KUTSCHER, MD 

NEW YORK 

In 1922 Stanley/ reporting on implantations of testiculai substance, cited 
greatly strengthened vision in 32 of 41 inmates at San Quentin Prison who had 
previously complained of poor vision that necessitated glasses 

My interest in orchic extract therapy was aroused by its use m the case of 
a man who presented the conditions of eunuchoidism and pituitary tumor with 
changes in the fundi and impairment of optic function After three months of 
therapy the ophthalmoscopic picture showed definite impio\ement This obser- 
vation led to the use of this extract in the treatment of 3 other patients of the 
eunuchoid skeletal type, all of whom were found to have changes in the fundi and 
impairment of optic function The serial changes in the ophthalmoscopic picture 
were observed in the 4 patients so treated, for periods \ar}ing from seventeen 
months to two and one-half years The cases are reported for their suggestive 
value and to stimulate collaboration between the ophthalmologist, the internist and 
the endocrinologist confronted with patients showing similar findings The 
patients in cases 1 and 2 present eunuchoidism, while those in cases 3 and 4 
present the eunuchoid skeletal disproportions but have noimal sex development 
and function 

REPORT OF CASES 

Case 1 — P B , a man aged 46, visited the medical clinic of the New York Polyclinic 
Medical School and Hospital Oct 31, 1938, where the diagnosis was made of pituitary tumor 
(chromophobe adenoma or craniopharyngioma) with the syndrome of diabetes insipidus, 
eunuchoidism, associated hypothyroidism, infection of the tonsils and possible dental infections 
He showed genital hypoplasia, a markedly infantile larynx with very short vocal cords There 
was no evidence of sinus disease (Dr W L Gatewood) The measurements were height, 
64)4 inches (163 cm ) , span, 70)4 inches (178 5 cm ) , lower measurement, 37 inches (94 cm ) , 
upper measurement, 27)4 inches (69 cm ) Roentgen examination (Dr Ernest E Smith) 
showed considerable enlargement of the pituitary fossa with destruction of the anterior and 
posterior chnoid processes on the left side and destruction of the floor of the sella, also a 
nonhomogeneous focus of calcification in the midportion of the fossa There was noncalcification 
of the epiphysial lines of the radius and the ulna The blood showed secondary anemia, and 
there was increased tolerance for sugar The Wassermaiin reaction of the blood was negative 
The basal metabolic rate was minus 23 Examinations of the sputum disclosed no tubercle 
bacilli 

Rcpoit on the Eyes — The patient had previously visited Dr Erwin Torok’s clinic in 
1938 and again on Feb 8, 1939 for relief of blurred vision Glasses (convex sphere of 
150 diopters for each eye) were prescribed for reading but without improvement On 
August 18 he still complained of impairment of vision, especially of that of the right eye 
Visual acuity then was 20/30 m both eyes The amplitude of accommodation was 2 75 diopters 
The right pupil v\as irregular and did not dilate after instillation of a solution of homatropine 
hydrobromide, especially at the outer and upper part Both pupils reacted promptly to light 
and accommodation The optic media were clear The optic disks viere pale viith blurred. 

From the kfedical Clinic of the New York Polyclinic Medical School and Hospital 
1 Stanley, L L Endocrinology 6 793, 1922 
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indistinct margins, the right nerve head was pale, with large physiologic cupping, and the 
vessels were congested The impression given was that of postneuritic optic atrophy, especiall) 
in the left e 3 "e At this time the visual fields were almost normal for form but e\treme!\ 
contracted for red and green, with a central scotoma for these colors in each eye 

On September 29 (as reported by Dr Joseph J Fried, of Dr Torok’s clinic) the decolora- 
tion of the nerve heads was more marked There was no definite blurring of the margin of 
the right disk, and the nasal half of the disk still showed definite congestion, the lamina 
cnbrosa being ver 3 ’- prominent The left optic disk showed marked blurring along the nasal 
margin and at the low'er half The Msiial fields showed bitemporal contraction of about 25 
degrees for form and extreme contraction for colors, a central scotoma for red and green 
w'as again noted The color sense test (pseudoisochromatic plates) showed that the patient 
had difficulty in distinguishing certain shades of red and green However, he promptly 
distinguished betw'cen red and green (S and 10 mm test objects used m determining con- 
traction of visual fields for form , 8 and 12 mm test objects used in determining contraction 
of fields for colors) The dark adaptation test (scotopticonietcr w'ltli Tscherning brightness 
no 4) gave a result within the normal limits (fig 2 A) 



Fig 1 (case 1) — Roentgenogram of tlic sella turcica, left 


Additional Histoiy — On November 28 he was admitted for eight dajs to the Polj clinic 
Hospital wnth cerebral concussion resulting from an automobile injurv At this time Dr 
Abraham Kaplan, of the department of netirosurgerv', reported on the appearance of the fundi 
as follows ‘‘Bilateral optic atrophj, more on the right No gross field defects” 

Therapy — On July 13, 1939 hjpodermic injections of a solution of an extract of orclnc 
substance were begun Each cubic centimeter of solution contained 114 mg of a water-soluble 
heat-stable extract derived from 10 Gm of fresh orchic substance Gljnn- has described the 
preparation of this extract as follovv’s An acid aqueous extract of bulls' testes is pre- 
pared and coagulated by heat to the point of boiling The precipitate is removed, the filtrate, 
after concentration in v'acuo, is taken up in 70 per cent alcohol, and the precipitate thus formed 
IS filtered off The 70 per cent alcohol-soluble fraction is evaporated in v'acuo to remove the 
alcohol and precipitated with 4 v^olumes of acetone The acetone precipitate is dried and taken 
up in water to such an extent that 114 mg is contained in each cubic centimeter and repre- 
sents the extract derived from 10 Gm of fresh orchic substance The solution is filtered 
until it is clear and sterilized b 3 ’’ autoclaving It is practicallj'’ free from androgenic substance 
but contains significant amounts of inhibin In common with all tissue extracts it contains 


2 Glynn, J H Personal communication to the author 
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histamine m amounts that are not of therapeutic significance There has been no assay for 
vitamin content McCullagh ^ found that small quantities of this preparation (the orchic extract 
solution) will cause cessation of the estrous cjmle in the normal female rat He pointed out, 
however, that this does not necessarily indicate the presence of inhibin Inhibin will cause 
cessation of estrous, but so will many other substances The female rat test is therefore not 
specific for the hormone 

The first injection of 2 cc caused s 3 mcope and sweating Subsequent injections were made 
with doses of from 1 to 2 cc twice weekly until Aug 14, 1941 Seven injections of testosterone 
propionate were substituted during the early part of these studies in order to determine a 
comparative response Acetylsalicyhc acid and brewers’ j'east were given for grip and tonsillitis, 
which occurred during observation 

Couise — On May 12, 1940 the patient reported improvement in eyesight, stating that he 
was able to read continuously for several hours, compared with a half hour three months 
before Polyuria and polydipsia were much less He felt subjectively better while under 
treatment On Aug 14, 1941 the injections were discontinued for the purpose of having an 
examination of the eyes after the lapse of one month without them On his return he 



Fig 2 (case 1) — Charts of the visual fields A, taken Oct 6, 1939, shows a central 
scotoma for red and green in each ej'e, B, taken May 11, 1940, C, taken Sept 24, 1940, 
D, taken Sept 12, 1941 

In these and all the subsequent charts the field limits as determined for form are indicated by 
a solid line, the field limits as determined for red, by a dotted line, the field limits as deter- 
mined for green, by a dot-dash line A central scotoma is indicated by a stippled area 
The studies were made with an improved Forster perimeter, 5 mm test objects being used in 
determining the fields for form and 8 mm test objects (except when otherwise stated) in deter- 
mining the fields for colors at a distance of 330 mm The illumination used was that from 
a 75 watt Mazda lamp 

complained of having had weakness and soreness of the legs for three weeks He was 
hospitalized at another institution shortly afterward 

Subsequent Examinatwns of the Eyes (Dr Joseph Fried) —Because of the presence of 
a pituitary tumor wnth the foregoing ophthalmic findings, frequent examinations were made 
of the visual acuitv, accommodative power, fundi, visual fields and dark adaptation On 
Dec 9, 1939 improvement w'as noted in the ophthalmic picture The blurring of the disks 
had nowr disappeared, but marked bitemporal pallor of both ner\e heads, especially of that m 
the left eje, w-as still present The bitemporal crescentic defect for form had diminished, 

3 McCullagh, D R Peisonal communication to the author 
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and the color fields had enlarged No central scotoma was now noted in either eye Visual 
acuity was 20/20 in both ejes (On Aug 18, 1939 it had been 20/30 in each eye ) 

On May 11, 1940 the visual acuity was 20/20 (20/15?) in both e>es (fig 2 B) The 
amplitude of accommodation had improved from 2 75 to 3 5 diopters 1 he pupils reacted 
promptly and dilated well The fundi were well colored, the margins at the temporal and 
nasal parts of the disks were well defined and the retinal vessels were normal for the age 
The visual fields showed further enlargement for colors as well as lessening of the bitemporal 
contraction for form 

On June 8, 1940, at a time when the patient had symptoms of grip, both fields showed 
regression for colors, being then similar to those found on March 6, 1940 By July 22 visual 
acuity was normal, and accommodative power had increased to 3 75 diopters, corresponding to 
age 44 The eyegrounds showed nothing abnormal The visual fields, especially that in the left 
eye, again showed enlargement for colors as well as lessening of the bitemporal contraction for 
form 

On September 24 visual acuity was 20/20 (20/15?) m both eyes There was further increase 
in accommodative power from 3 75 to 4 diopters (fig 2 C) The fundi were practically 
within normal limits One could still trace the paleness of the temporal part of the right disk, 
the lamina cribrosa being decidedly less prominent The left eyeground showed no pathologic 
change The bitemporal contraction for form had practically disappeared, and for colors the 
fields W'cre almost normal 

On Sept 12, 1941, after the omission of treatment for one month, \isual acuit> with cor- 
rection was 20/20 in both 03 es (fig 2D), the amplitude of accommodation was 3 diopters 
(normal for the age) , the pupils reacted normall3 , the fundi showed nothing abnormal except 
for beginning arteriosclerosis The fields W'erc normal except for slight contraction for red 
Tests with the tangent screen and of dark adaptation and intraocular tension ga\e normal 
results 

On Oct 31, 1940 Dr Abraham Kaplan, who eleven months before, when the patient had 
cerebral concussion, reported the findings on examination of the fundi as “bilateral optic 
atrophy, more on the right, no gross field defects,’’ now reported “Both disks arc of good 
color except for some pallor on the temporal side of the right disk, there is no delation of 
the disk, and the vessels arc normal in color and caliber ’’ 

Case 2 — N E , a man aged S3, single, had the cliaractcristic features of eunuchoidism , 
the body was hairless, the penis was small, and the testes ivere not felt in the scrotum nor the 
prostate by rectal examination The Iar3n'>c was of the infantile t3pc, with short local cords, 
there was no evidence of disease of the sinuses or the tonsils (Dr W L Gatewood) There 
were several infected teeth The body measurements were height 71% inches (182 cm ) , span 
73 inches (185 5 cm), upper measurement, 32 inches (76 cm), lower measurement, 39% 
inches (101 cm ) The blood showed secondary anemia The Wassermann reaction of the 
blood was negative The urine was normal The basal metabolic rate was minus 12 A roent- 
genogram showed the sella turcica to be of norma! sire and shape On Oct 6, 1939 the Msual 
fields revealed concentric contraction for form and color The contraction for form was more 
marked temporally, especially in the left eye Diminished visual acuity in the left eye coincided 
with the field findings Visual acuity m the right eye was 20/100, y\ith correction 20/20 
in the left eye it was 20/70, yvith correction 20/40 The pupils yverc yerv small and oial 
horizontally 

ExanUftaHon of the E\cs (Dr Joseph Fried) — On Dec 27, 1939 yisuil acuit3 yvas 20/200 
in both eyes A 1 75 conyex sphere yvith a 025 com ex cylmdric lens, axis ISO, improyed yision to 
20/20 in each e3'e The amplitude of accommodation yvas 1 diopter, corresponding to age 60 
The addition of convex 3 0 diopter lenses to distance glasses yvas required for reading of small 
type (Jaeger 1) The pupils yvere narrow (2 5 mm) and reacted promptly to light and 
accommodation The retinas appeared pale, the larger retinal vessels yvere abundant, but 
the capillaries yvere very scant There yy^as marked decoloration of the temporal part of the left 
disk, yvith less marked temporal decoloration of the right disk In the right eye tliere yvas 
enlargement of the physiologic excavation toyvard the temporal side of the nerve head The 
visual fields shoyved concentric contraction for form and colors (fig 3 A), 'very markedly 
temporally The tangent screen shoyved no enlargement of the blindspot or any kind of 
scotoma The color sense yvas good, dark adaptation shoyy'ed nothing abnormal, and there 
was no increase of intraocular tension 

Theiapy — Injections of the orchic extract yvere given at the rate of tyvo a yy'eek from 
Oct 10, 1939 until Dec 18, 1941, after yvhich they yvere omitted for seven yveeks for a 
comparative examination of the eyes During the early period of treatment a substitution of 
SIX injections of testosterone propionate in doses varjung from 12 5 to 5 mg yy'as made in order 
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to note any comparative effect, and several weeks later three injections of chorionic gonadotropin 
in doses of 100 rat units each were given for the same reason Brewers’ jeast and cod liver 
oil were ordered for grip and bronchitis when these occurred After Alarch 19, 1942 several 
infected dental roots were extracted 

Subsequent Exmmnattons of the Eyes — On Jan 15, 1940 definite temporal pallor of each 
disk was noted The visual fields showed the same concentric contraction for form and colors, 
very marked temporally The tangent screen showed no abnormal changes The patient had 
good color sense (Holmgren test) Tests of dark adaptation (scotopticometer Moller) and 
intraocular tension gave normal results After March 22 examinations revealed gradual dis- 
appearance of the bitemporal pallor of the nerve heads The papillae became well colored and 
well defined, and the fundi showed no vascular changes other than those usually found at the 
age of this patient The abundance of the capillaries now present was in contrast to their 
scantiness on Dec 21, 1939 On March 23, 1940 improvement in the fields was first noted 
Thereafter gradual enlargement for white, red and green was recorded By May 4 visual acuitv 
had improved Vision then without glasses was 20/100 in both eyes, compared with 20/200 
previously, both eyes showed 20/20 with correction The accommodative power showed con- 
siderable improvement The amplitude of accommodation was 2 5 diopters (compared with 
1 diopter on Dec 22, 1939), and correspondingly weaker lenses were required for near vision 
The paleness of the fundi had disappeared, the retinas now having normal coloring The 
visual fields were practically normal for form and were almost normal for colors 

On June 8 regression in the fields was noted At this time the patient was recovering from 
grip This proved temporary, for on July 22 the fields again showed improvement for form 
and colors 



Fig 3 (case 2) — Charts of the visual fields A, taken Dec 27, 1939, B, taken Sept 24, 
1940 For further explanation of the charts, see the legend for figure 2 


By September 24 the outlines and the color of the disks were quite normal No abnormal 
changes were seen in the fundi , the abundance of capillaries were still present There was 
normal reaction to light and accommodation The visual fields (fig 3 5) showed continued 
improvement, and the outlines at this time almost corresponded w'lth those of Afa> 4 Visual 
acuity w'as 20/100 in both eyes and 20/20 with correction The improvement in the amplitude 
of accommodation noted on May 4 was still maintained 

On Jan 3, 1941, visual acuity in the right eye was 20/100, the addition of 2 5 diopters 
corrected vision to 20/20 The accommodative power w'as 2 5 diopters The addition of 
-f 2 25 diopter spheric lenses in both eyes enabled him to read the smallest print (Jaeger’s 
test type 1) at 10 inches (25 cm) The pupils were very narrow^ (15 to 2 0 mm ), and the 
reaction to light and accommodation w'as difficult to determine Under dilatation, the retinas 
and the choroids appeared normal, the nerve heads w'ere w'ell colored and well outlined, the 
arteries were undulated, w'lth thickened walls, and the capillaries were abundant The fields 
w'ere normal for form and colors Dark adaptation, the tangent screen, color sense (pseudo- 
isochromatic plates) and intraocular tension showed no abnormalities 

On Feb 6, 1942, after omission of treatment since Dec 18, 1941, examination revealed 
normal function of the eyes and no signs of pathologic change of the eyegiounds, visual fields 
or refraction The amplitude of accommodation continued improved so that w'eaker lenses 
(between 175 and 2 diopters) were required for reading The chart of the Msual fields cor- 
responded to that of Sept 24, 1940 

Case 3 — H J, aged 60, a widower, attended the medical clinic Oct 17, 1940 He presented 
eunuchoid skeletal measurements and female distribution of pubic hair but normal sex develop- 
ment and function He had tertiary sv'philis, cerebral arteriosclerosis, with the residuum of a 
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recent focal lesion in the left temporal lobe winch caused impairment of speech, and probablj 
dental infection The measurements were height, 65^ inches (167 cm ) , span, 70 inches 
(178 cm ) , lower measurement, 34 inches (86 cm ) , upper measurement, 31% inches (91 cm ) , 
nude weight, 122% pounds (55 5 Kg ) Roentgenograms were negative for sinus disease, and 
the sella turcica appeared normal The blood count and the unnaljsis gave normal results The 
figures for blood sugar, uric acid and cholesterol were normal The Wasseimann reaction of 
the blood was negative with alcohol antigen and 2 plus with cholesterol antigen , the Kahn 
leaction was 3 plus The patient would not permit c\amination of the spinal fluid The basal 
metabolic rate was minus 4 

Rcpo)f on the Eyes (Dr Joseph Fried) — On Oct 18, 1940 \isua! acuitj was 20/30 in the 
right eve and 20/40 (?) in the left eye As to near Msion, he was able to read Jaeger’s test 
type 3 with the right eje and Jaeger’s test type 5 with the left Vision could not be improved 
bv adding lenses The amplitude of accommodation was 0 25 diopter, corresponding to an age 
of about 65 years Motor function of the eveballs was fairlj good, and the optic media w'cre 
clear Both cyegrounds show'ed pale, decolored, whitish grav optic disks with ill defined and 
blurred margins, especially the left C 3 ’eground tcmporallj There was no pathologic change in 
the choroid, the ictina or the retinal vessels in cither eve The visual fields showed concentric 







Fig 4 (case 3) — Charts of the visual fields A, taken Oct 23, 1940 (10 mm test object 
used in determining fields for colors) , F, taken March 15, 1941 , C, taken Oct 6, 1941 and 
Feb 5, 1942 (10 mm test object used in dctcrniming fields for colors) For further explana- 
tion of the charts, see the legend for figure 2 


contraction for form and coloi (fig 4 A), and there was decreased dark adaptation (six 
minutes with Moller’s scotopticometer) At this time a diagnosis of bilateral optic atrophv 
was made, but there w'^as doubt as to whether this w'as due to arteriosclerosis, siphihs or post- 
neuritic atroph}’^ of the optic nerve 

Thetapy — The patient had received antisyphihtic treatment for two and one-half jears On 
Nov 11, 1940, tw'o months after antisj'phihtic treatment had been suspended, injections of orchic 
extract were begun Doses varying from 2 to 0 5 cc were giv'en twice vv’eekly until Feb 16, 
1942 The treatment was then discontinued in order that the eves might be examined after 
two months’ omission of treatment On Januarj' 6 he was referred to the dermatology clinic 
(Dr Jerome Kingsbury), where weekly injections of a bismuth preparation were started 

Couise — The patient felt stronger during the treatment with orchic extract Three months 
after treatment with the extract had started, at a time when he had a cold, a change appeared 
at the temporal side of the left eye suggesting bluish smoke wnth occasional threads like soot 
m front of it This has occurred about six times during the past five v'ears When it recurred 
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on March 10, 1941 he was referred to the ophthalmology clinic (See examination of the 
eyes of March 15, 1941) On June 24 he had the first of several dental extractions, but he 
still retains a gold-capped tooth 

Subsequent Examination of the Eyes (Dr Joseph J Fried) — On Nov 27, 1940 decoloration 
of both optic nerves was still present Visual acuity was 20/30 in the right e\e and 20/40 2 

m the left eye , there was some enlargement for green m the visual fields as compared with 
the finding on Oct 18, 1940 

On December 30 vision was 20/20 — 2 in the right eye and 20/25 — 2 in the left ej e, and 
20/25 with correebon , the near point was 530 mm for each eye , the right pupil measured 
6 mm , the left, 7 mm , the right pupil was irregular, and there was poor response to light 
and accommodation The fields were almost normal for form , there was still concentric 
contraction for red and green The disks were now well colored and well outlined 

On Feb 28, 1941 visual acuity was improved The right eye was 20/20, the left eye was 
20/25 Near vision (reading of Jaeger’s 1 test type) was obtained with -1-3 5 diopters for 
both eyes The pupils were the same size as on Dec 30, 1940, and both reacted fairl}' well 
The nerve heads now appeared well colored and well outlined , there was a peripapillarv 
choroidal atrophy at the temporal margin of the left disk The retina, the choroid and the 
retinal vessels in each eye were normal The dark adaptation was normal at this time (three 
minutes) The visual fields showed improvement for form but not for colors There was a 
striking change m the appearance of the fundi as compared with their appearance on Oct 18, 
1940 

On March 15, 1941, five days after the recurrence of the bluish smoke m the temporal part 
of the left eye, the left disk appeared paler than at the previous examination, the temporal 
margins of the disks were ill defined and there was peripapillary edema of the retina (fig 4 5) 
Vision in the right eye was 20/30, vision in the left eye, 20/50, improved with glasses to 20/25 
One week later the peripapillary retinal edema and blurring of the temporal margins had 
disappeared, and visual acuity in the left eye was 20/30 without correction 

On October 6 the first positive enlargement of the visual fields for color was noted Visual 
acuity was 20/20 in each eye with correction The amplitude of accommodation corresponded 
to the age of the patient Near vision (reading of Jaeger’s test type 1) was obtained with 
-f- 3 5 diopters in both eyes The optic disks were well colored and well defined No pathologic 
change was seen in the retina, and there were no signs of arteriosclerosis The arterioles were 
distinctly seen There were no corkscrew maculopapillary venules The dark adaptation was 
normal The visual fields were normal for form, their contraction for colors was diminished 
(fig 4 C) 

On Feb 5, 1942 vision in each eye was 20/20 with correction and reading of Jaeger’s test 
type 1 (near reading) was obtained with 4-3 5 diopters The eyegrounds were normal The 
visual fields were almost normal for form (fig 4 C) For colors, though improved, they 
were still narrower than normal The findings on April 16 corresponded to those of Feb- 
ruary 5 He had received no injections of orchic extract between these dates Injections of a 
bismuth preparation were begun on Jan 6, 1942 > 

Case 4 — R E, aged 42, married, an attorney, during a regular visit with his son, a 
pituitary dwarf, became emotionally upset while relating his financial reverses His depressed 
spirits prompted the injection of orchic extract A week later casual questioning elicited 
the unexpected report that he had noticed perceptible clearing of the head and decided clearing 
of vision, especially for street lights, while driving home after the injection the week before 
The same evening he was able to read printed matter without glasses He had never experi- 
enced this before He was also relieved of a quite constant pressure over the eyes and lower 
part of the forehead which had troubled him for several years On this information he was 
referred for an examination of the eyes (See report for Dec 11, 1940 ) His parents are 
related as cousins Several brothers are over 6 feet (183 cm ) tall He had the typical 
eunuchoid skeletal measurements and female distribution of the pubic hair but normal sex 
development and function The measurements were height, 71% inches (182 cm ) , span, 
74 inches (188 cm), lower measurement, 38 inches (96 5 cm), upper measurement, 33^^ 
inches (85 5 cm), nude weight, 173% pounds (78 6 Kg) The heart was slightly enlarged 
to the left, the sounds were normal Roentgenograms showed the sella turcica larger than 
average but otherwise normal There was no evidence of sinusitis The frontal sinuses were 
considerably larger than average, and pneumatization of the ethmoid cells was more pro- 
nounced The blood count and the differential percentages were normal The blood sugar 
amounted to 105 mg, uric acid to 4 mg and cholesterol to 160 mg per hundred cubic centi- 
meters The urine had a faint trace of albumin and a specific gravitj of 1 032 but was 
otherwise normal The Wassermann reaction of the blood w’as negatne The basal metabolic 
rate w'as minus 5 



468 


ARCHIVES OF INTERNAL MEDICINE 


Report on the Eyes (Dr Joseph J Fried) — On Dec 11, 1940 examination showed wide 
palpebral fissures (12 mm) The oculomotor apparatus was intact Arcus senilis was present 
m both ejes There was prompt pupillary response Both disks showed slight pallor, the 
right more than the left, the arteries were markedlj narrowed, with signs of premature 
sclerosis Hypermetropic astigmatism was present Visual acuity was 20/40 in both e\es 
without correction and 20/20 with correction The amplitude of accommodation was 2 diopters, 
corresponding to the age of 54 3 ’ears The visual fields were normal for form and slightly 
contracted for colors, there were central scotomas for red (fig 5 A) The tangent screen 
showed a 7 degree downward enlargement of the bhndspots 

Theiapy — The patient was given six injections between Dec 3 and 31, 1940, when the 
eyes were reexamined A total of twenty injections was given in the seventeen months that 
followed 

Com sc — Two weeks after treatment had started he could read without the glasses which 
had been required for several years Vision in daylight had improved considerably He 
felt more alert Further injections gave complete relief from the feeling of pressure and 
fulness between the eves and in the frontal region After February 1941 he had had several 
attacks of grip and received treatment at infrequent inter\als His consumption of tobacco 
was unchanged 

Subsequent Evanunations of the Eyes (Dr Joseph Fried) — On Dec 31, 1940 Msual acult^ 
for distance was unchanged but there was improvement in near vision He read medium-sized 
newspaper print (Jaeger test type 3) without glasses At the first examination (December 11) 
he required the addition of convex 2 5 diopter lenses to read Jaeger’s test tjpe 1 at a dis- 


At Lt Xt 



Fig 5 (case 4) — Charts of the visual fields A taken Dec 11, 1940, E, taken Oct 23, 
1941 For further explanation of the charts, sec the legend for figure 2 


tance of 200 mm At the later examination the addition of convex 1 75 diopter lenses to 
distance-correcting lenses enabled him to read Jaeger’s test tjpe 1 The amplitude of accom- 
modation had improved from 2 to 2 5 diopters The paleness of the right disk prev’iouslv 
observed was not present The enlargement of the blindspot in the right eje diminished to 
the normal limits 

On Feb 18, 1941 the same glasses were suitable for distance that were suitable on Dec 11, 
1940 He read without lenses newspaper print at 540 mm distance with the right eye and 
at 410 mm distance with the left Using street glasses, he read the smallest print of the 
test chart for near reading at 400 mm with each eve The addition of convex 1 5 diopter 
lenses to the distance lenses enabled him to read the smallest print at 200 mm The amplitude 
of accommodation (2 75 diopters) corresponded to the age of 47 to 49 years There was 
normal oculomotor balance for distance and near There was a return of the slight pallor 
of the right nerve head, present at the initial examination on Dec 11, 1940 but absent on 
Dec 31, 1940 The visual fields and tangent screen tests did not show the central scotoma 
for color and the enlarged bhndspots noted at the first examination The amplitude of accom- 
modation was the same as on Dec 31, 1940 (The patient was recovering from grip at the 
time of this examination ) 

On Oct 23, 1941 the palpebral fissures were of normal width (10 mm ) The optic disks 
w'ere well colored and well defined, and the retina and the choroid were of normal appearance 
However, the arteries were narrower than normal The v’lsual fields and the findings with 
the tangent screen were normal (fig SB) There were no central scotomas for color or 
enlargement of the bhndspots The visual acuity showed decided improvement Distance vision 
without glasses was 20/20 in both ej es, and the amplitude of accommodation was 4 5 diopters, 
corresponding to age 40, so that the reading glasses previously used were not necessarj' for 
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close work (He had not received orchic extract fiom March 19 to Oct 14, 1941 and at the 
latter date was recovering from another cold ) 

B\ Feb 25, 1942 the patient, who had received but one injection of orchic extract in ov'er 
eleven months (that on Oct 14, 1941), showed visual acuity for distance unchanged How- 
ever, the amplitude of accommodation was 2 5 diopters, there was slight enlargement of the 
bhndspot in each eye, and the fields were narrower for colors than on Oct 23, 1941 

On April 6, 1942, visual acuity in each eye was 20/20 with correction, and the amplitude 
of accommodation measured between 2 75 and 3 0 diopters The eyegrounds showed no 
pathologic change However, the blmdspots were still slightlj enlarged (4 degrees down- 
ward), and the visual fields were somewhat narrower for red and green than on Oct 23, 1941 
(By April 6, 1942 he was recovering from six weeks of grip and had received but one 
injection of orchic extract in more than a year ) 

COMMENT 

These patients were treated with injections of the oichic extiact foi peiiods 
vaiying from seventeen months to two and one-half }ears An occasional com- 
plaint was made of pain at the site of injection, but there weie no iintow^ard 
symptoms with doses below 2 cc This dose caused syncope in 1 patient The 
dose of 1 cc seemed ample 

The addition of acetylsahcylic acid, brewers’ yeast and cod liver oil occasioned 
by grip and tonsillitis, which arose during the periods of study, can in no way 
be responsible for the favoiable ocular changes noted In fact, examinations of 
the eyes made during convalescence from grip showed decreased visual acuity for 
distance and marked impairment of the amplitude of accommodation without 
pathologic change in the eyegrounds , also, the visual fields were noticeably con- 
tracted for form and color compared with those found prior to and subsequent 
to the mtei current ailment Removal of dental infections wdien present was not 
begun until the treatment with orchic extract was well advanced and definite ocular 
improvement had occurred 

One was impressed by a greater sexual stimulus after each injection of testos- 
terone propionate, compared with a better subjective lesponse after an injection 
of orchic extiact, though the limited number of injections does not permit an 
appraisal of any effect on the ophthalmoscopic picture 

The studies of the visual fields weie made with an impioved Forster Perimeter, 
5 mm test objects being used m determining contraction of the fields for form 
and 8 mm test objects in determining contraction of the fields for colors (except 
w^hen otherwise stated) at a distance of 330 mm The tangent screen studies 
were made on a Gruss tangent screen with 4 mm and 2 mm test objects at a 
distance of 1 meter, the illumination used was that from a 75 watt Mazda lamp 

SUMMARY 

Observations on 4 patients having eunuchoid skeletal measurements, one of 
them with eunuchoidism, another with eunuchoidism and a pituitary tumor, treated 
with injections of an orchic extract showed subjective improvement with a feeling 
of well-being and loss of fatigue Before treatment all showed decreased visual 
acuity of more or less marked degree and diminished amplitude of accommodation 
The eyegrounds showed changes ranging from hyperemia and postneuritic signs 
to complete decoloration of the optic nerve heads Usually some vascular disease 
was present either in the form of premature arteriosclerosis or in that of absence 
of arterioles and capillaries The visual fields were contracted, especially for colors 
(red and green), and in 2 cases there were cential scotomas for colors Usually 
there was diminished dark adaptation During this therapj definite improvement 
was noted in the visual acuity for distance and in the amplitude of accommodation 
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The pathologic changes in the eyegiounds disappeared, and latei these showed 
noiinal, well coloied and well defined optic nerve heads with little oi no vasculai 
abnormality Dark adaptation returned to normal The contraction of the visual 
fields for form and colois was definitel}'^ i educed, in some cases to normal 

Encouragement to publish the limited number of cases has come through some 
improvement with this therapy already noted in 3 other patients who have been 
obseived from two to four months, an insufficient period foi a report The con- 
ditions treated have been (1) genuine S3'phihtic atrophy of the optic nerve, (2) 
optic atrophy associated with a pituitary adenoma and (3) retinitis pigmentosa 

135 Central Park West 

Dr Ervm Torok’s ophthalmologic clinic cooperated in this vork, especially Dr Joseph 
J Fried of Dr Torok’s staff, who made numerous ophthalmologic examinations and collaborated 
extensivelj , Dr A Sumner Price, director of the laboratory , the consultants quoted and 
Drs N B Martin, Barnard Robbins, Antoinette Raia and Franklin V Sunderland ga\e 
helpful cooperation in the medical clinic 



ACQUIRED HEMOLYTIC ANEMIA 
LIEUTENANT COLONEL V R MASON 

MEDICAL CORPS, ARMY OP THE UNITED STATES 

The anemia pioduced by accelerated disintegration of red blood cells leading 
to jaundice, inci eased excretion of urobilinogen and moderate splenomegaly often 
IS accompanied by moiphologic alterations of the red cells and usually is classi- 
fied as hemolytic anemia In a few instances the process may be truly hemolytic 
in the strict meaning of the woid However, m a majority neither the mechanism 
of the destruction of the led cell noi the fate of its stroma is known I shall there- 
fore employ the uoid “hemolysis” in its loose, hematologic rather than in its 
narrowei, immunologic meaning thioughout this discussion unless a clear distinc- 
tion IS specified 

I have obseived a numbei of patients piesenting hemolytic icterus of unknown 
cause with an acute oi a subacute course similar to those whose cases were reported 
/ earlier by Widal and by Chauffard and tbeir associates In addition I have records 
of a number of patients with chronic acquired hemolytic anemia of unknown cause 
whose disease began acutely and followed a course characterized by continuous 
increased hemolysis and by lecuiient seveie crises of hemolysis similar to those 
seen in acute acquired hemolytic anemia 

Acute hemolytic anemia probably was first repoited by Mackintosh and Clel- 
and^ in 1902 A few yeais later it was accuiately described by Widal, Abrami 
and Brule - and was given the name “acquiied hemolytic icterus” to diffeientiate 
It from the congenital type of hemolytic icterus, which had been described accu- 
iately by Minkowski^ a few years earlier Chaufifard ^ had discovered the dimin- 
ished osmotic resistance of the red cells and also the lessened diameter of the 
erythrocytes in congenital hemolytic anemia a short time before Widal’s studies 
of acquired hemolytic icterus were published Widal, Abrami and Brule ° a year 
later reported autoagglutination of the red cells m the acquired type of the disease 
Chauffard and Troisier ® also studied the blood of a patient with the acute type 
of acquired hemolytic anemia and found that the serum contained an isohemolysin 
for normal eiythiocytes They, therefore, gave the name “acute hemolysmic 
anemia” to the malady Duiing the years between 1907 and 1915 a number of 
discussions of acquired hemolytic anemia appeared in the French medical jour- 
nals Brule" in 1922 reiiewed the whole subject up to that date and pointed out 
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the confusion which had lesulted fiom the fiequent failure to diffeientiate between 
hemolytic icteius with anemia and icteius of other types with anemia Widal and 
Abrami ® m 1928 summaiized the earhei reports and recorded their views con- 
cerning the mechanism of the disease It is of interest that they did not seem to 
be aware of the piesence of noimal agglutinins and agglutinogens in human blood 
at that time Thus theie vas some doubt concerning the significance of the auto- 
antibodies and isoantibodies in the serum of the patients observed earhei by Widal, 
Abrami and Biule® and b}'- Chauffaid and Troisier® until the lesults of later 
studies fortunately confiimed then original obser\ations 

I observed a patient uith acute hemolytic anemia in 1916 and made a diag- 
nosis of acquired hemoljtic icterus The patient recovered aftei splenectomy 
A.lthough the resistance of the led cells was normal, no studies to demonstrate 
autoantibodies in the blood of that patient were made 

In 1922 Eppingei ^ presented a summar}' of his studies of hemolytic anemia 
He reported in detail 4 cases of acute hemolytic anemia which he had observed 
Each of the patients was cured by splenectomy All of them had increased hypo- 
tonic fragility of the red cells, and each was operated on uhile the anemia was 
profound Eppmger discussed the problem of autoantibodies and isoantibodies 
but, apparently, was skeptical of the importance of these m the genesis of the 
malady, although he stated he had made no studies to determine their presence in 
his patients The disease vas repoited by Lederer and by Moschcowitz in 
1925 Neithei of these authors seemed to be aware of the evtensue literature 
on acquired hemolytic anemia Davidson in 1932 and Giordano and Blum 
as late as 1937 described, as a new feature, the phenomenon of autoagglutination m 
this disease 

Meulengracht discussed the disease biiefly in 1938 He was aware of Eppin- 
ger’s ° report, but he did not mention the disease as Lederer’s anemia He w^as 
of the opinion that acute hemolytic anemia was of varied causation and not a 
true disease entity, and therefore he did not discuss the disease full} 

The recent leport b} Dameshek and Schw^artz^® contained a review of the 
reported examples of acute hemolytic anemia and an attempt to elucidate the 
importance of the hematologic phenomena in accordance with their experimental 
and clinical observations They w^eie able to find references to about 100 cases of 
acquired hemolytic anemia of varied causation w'hich had been reported since 
1907 under an array of different names Their article contained an extensive 
bibliography, a comprehensive summary of the clinical and hematologic features 
of the disease and a discussion as to the propei nomenclature 
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They piefeiied the designation “acute hemolytic anemia” to the name “acquiied 
hemol}tic icterus first used by Widal I have followed their nomenclature at 
times 111 this paper simply to avoid confusion However, I am convinced that a 
chrome type of the disease, and a recuirent form also, occurs more frequentl} than 
has been repoited and theiefore that the name “acquired hemolytic icterus” should 
be retained, with the terms acute” and “chronic,” as the better designation of 
the disease 

The 12 patients whose histones I am lecordiiig at this time weie obseived 
subsequent to 1916 Since I was, at that date, faniihai with the reports of Widal 
and Chauftard, it is not likely that I failed to recognize the disease when I obseived 
It Thus I believe the disease is of relatively lare occurience 

REPORT or CASES 

Case 1 — A woman about 25 rears of age entered the Johns Hopkins Hospital, in Baltimore, 
in the spring of 1916, complaining of weakness She had been losing strength for several 
weeks and had become ver}^ pale Her previous history and the family historj’’ were unim- 
portant No other member of her family had had a similar disease 

At ph 3 'sical examination there was fever with a temperature above 102 F , as well as 
extreme pallor and deep jaundice The spleen was slightly enlarged 

The hemoglobin content was about 30 per cent, and the erythrocyte count was 1,750,000 
per cubic millimeter There was moderate leukocytosis The urine contained bile and increased 
amounts of urobilinogen The osmotic resistance of the erythrocytes was normal There was 
at that time, some doubt as to whether the patient had a hemolytic crisis in the course of 
congenital hemolytic icterus or had acquired hemoljtic icterus 

Her condition did not improve after several transfusions Soon a series of convulsions 
developed Her condition became critical, and as a last resort the spleen was removed About 
the tenth day she began to have fever again An abscess under the left side of the diaphragm 
was opened and drained The patient eventually recovered completely 

Her blood contained dark-staining microcytes which we would now call spheioc\tes, although 
at that time thev were classed simplv as microcytes 

Case 2 — C H, a white girl of 15 j'ears, was first seen on May 7, 1934 She complained 
of blotching of the skin, chiefly over the arms and legs, of three months’ duration These 
blotches were iriegular and purplish red and usually followed fatigue or exposure to cold 
They appeared from one to a dozen times a day 

Her past history was irrelevant, except that she had seasonal hay fever Menstruation 
had begun a year previously, and the interval and the amount of flow were irregular 

Her father had advanced otosclerosis, and her mother had asthma and hay fever There 
were no siblings and no history of anemia in the family 

Physical examination showed the girl to be noimal except for the cutaneous manifestations 
mentioned 

About two weeks later, the blotching of the skin was more marked, and she complained 
of fatigue and extreme sensitivity to cold At this time the peculiar dappled blotching of the skin 
was pronounced over the face, neck, arms and legs Her temperature was 99 2 F The results 
of physical examination were again negative The skin regained its normal appearance after 
the patient had remained a short time in a warm room 

On May 22 the urinalysis gave normal results The hemoglobin content was 57 per cent 
The erythrocjte count was 2,520,000 The leukocyte count was 9,150 The stained smear 
was normal except for hypochromia and slight amsocvtosis From this time on there was 
constant fever, the temperature usually reaching 102 F daily There was also increasing 
prostration 

On June 2 the right ear became painful, and a few drops of serous fluid were obtained 
by mynngotom} The erythrocyte count was 3,200,000 The hemoglobin content was 59 per 
cent, and the leukocyte count was 12,500 The icteric index was 8 The platelet count was 
165,000 per cubic millimeter Agglutination tests for typhoid-paratvphoid and Malta fevers 
were negative 

On June 4 the stools were dark, and the urine was cofifee colored but contained no hemo- 
globin There were gastrointestinal distress, occasional vomiting and tj'mpanites 

On June 6 there was no occult blood in the stools The hemoglobin content w'as 43 per 
cent The erythrocjdes were not abnormall 3 ^ fragile , hemolvsis began in a 0 48 per cent 
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saline solution and was complete m a 034 per cent solution Ihe ret!Culoc>tc count was 

1 2 per cent A blood culture taken five daj’s earlier was negative 

On June 8 the hemoglobin content was 31 per cent, the erythrocyte count was 1,310,030 
and the leukocyte count was 14,800, with neutrophils 58 per cent, lymphocytes 35 per cent 
and the remainder normally distributed The icteric indev was 22 8 The Wassermann reaction 
was negatne The clotting time of the blood was eight minutes The urine contained a 
heavy trace of albumin and a few hyaline casts but no bile The temperature was 104 6 F 
The pulse rate was 120 and the respirations were 30 per minute The skin and scleras were 
markedly icteric There were no petechiae Tlie gums and tlic throat were normal The 
lymph nodes w'cre not enlarged A loud s 3 stohc murmur was heard at the cardiac apex 
The spleen and the liver were not felt The patient's blood belonged to group II (AB) 
Her blood contained an autoagglutinm to her own erythrocvtes and to all cells of group II 
Her serum did not agglutinate her father’s cry throcj tts, and his blood was of group IV She 
was given 500 cc of his blood without reaction She seemed better the next dai, but her 
fever remained high 

On June 10 the hemoglobin content was 30 per cent, and the erythrocyte count was 
1,400,000 One drop of the patient’s venous blood was placed m 2 cc of 1 per cent citrate 
solution and shaken Hanging-drop preparations of this blood specimen showed rapid and 
marked autoagglutination Ihc patient’s blood scrum on this date also agglutinated her 
father’s erythrocytes (group lY [0]) m fifteen minutes and also group IV (0) cells from 

2 normal persons and group II ('kB) cells from a normal person No autohemoly sms were 
present Stained smears of the blood showed numerous spherocytes and macrocvtcs and a 
few normoblasts 

The patient died on June 12 Her temperature revnehed 106 F by axilla, and her pulse and 
respirations became very rapid before death 

Aniopsy — (The embalmed tissue was not placed in fixing solution for several davs, so that 
the stained microscopic sections were not very satisfactory ) Ihc liver weighed 1,800 Gm 
The cut surface had a coarse granular appearance The parenchyma was firm and dark red 

The spleen weighed 240 Gm It was dark red and firm The cut surface was granular 
and cut with a grating sensation 

There were marked gross changes of all Ivmph nodes of the abdominal cavity These 
nodes were very firm and dark red There was a cluster of nodes, varying m size from a 
walnut to a pea, located at the hilus of the spleen A similar cluster of nodes was located 
about the celiac plexus The cut surfaces of these nodes had the appearance of normal liver 
tissue, thus resembling hcmolyniph nodes About two hundred of these nodes were scattered 
through the mesentery and the retroperitoneal areas The mediastinal and suiicrficial lymph 
nodes were unchanged 

The chief alterations observed m sections of the spleen were diffuse congestion of the pulp 
spaces with moderate compression of the blood sinuses Ihe majority of the sinuses were 
empty and lined with large endothelial cells A number of these endothelial cells contained 
varying amounts of hemosiderin The malpighian corpuscles were less numerous than normal 

The enlarged lymph nodes found in the mesentery all exhibited grcatlv widened sinuses, 
which were filled with lymphocytes and macrocytes 

Sections of the kidneys showed enlarged glomeruli, with partial occlusion of the capillaries 
bv swollen endothelial cells 

The hver showed small areas of necrosis 

Case 3 — E A , a white married woman 45 y cars of age, was admitted to Saint Mary’s 
Long Beach Hospital, Long Beach, Calif , on Julv 22, 1940 and died on Aug 30, 1940 

Her illness began about four days before admission with pam m tiie epigastrium and on 
the right side of the back over the lower ribs The pains continued, and two davs later she 
vomited and was found to have fever 

The past history vvas irrelevant So far as she knew, no member of her familv had had a 
similar illness or chronic jaundice 

She was pale and icteric The skin vvas otherwise normal The throat and the gums 
were normal The scleras were icteric The lymph nodes were not enlarged There vvas a 
soft systolic murmur over the heart The abdomen vvas not tender, and no masses or viscera 
were felt On July 22 the Wassermann and Kahn reactions were normal The hemoglobin 
content was 16 per cent The erythrocyte count vvas 795,000, and the leukocyte count vvas 
35,600 (not corrected for normoblasts) There were 74 per cent neutrophils, and the pro- 
portion of the other cells vvas normal There was anisocydosis with macrocytes and micro- 
spherocytes and many diffusely^ basophilic erythrocytes Many normoblasts were present 
The icteric index was 25 
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The fever remained between 101 and 104 F, and from her admission until August 16 she 
received eleven transfusions Following each of these, the fever became higher and the icterus 

erythrocyte count ^^as 2,080,000, the leukocyte count was 
14,600 and the hemoglobin content was 25 per cent 

The fragility of the erythrocytes was normal (initial hemolisis at 0 46 per cent and com- 
plete hemolysis at 0 32 per cent) on several occasions The patient’s blood belonged to group O 
Iso autoagglutinms, autohemolysins, isoagglutinins or isohemoljsins were demonstrated at room 
temperature, although isoagglutinins and autoagglutinms \\ ere present when the blood was 
in the ice box 

The urine and the stool contained bile 

The spleen was removed August 16 It weighed 510 Gm After this operation the patient 
improved rapidlj On August 21 the hemoglobin content was 52 per cent, and the erythro- 
cyte count was 3,140,000 A few days later, chills and fever developed, and the patient failed 
rapidl> She died on August 30 

Autopsy (Aug 30, 1940) — An abscess containing about 75 cc of pus was present below 
the left side of the diaphragm Adhesions were present about the gallbladder and adjacent 
viscera The liver was moderately enlarged and firm The bone marrow and the hmph nodes 
w^ere normal 

The spleen (removed at operation) weighed 510 Gm The organ was firm and w'as normal 
in shape It was grayish purple Its cut surfaces w'ere dark red wuth prominent, irregularly 
shaped gra 3 ’’ish foci, less than 1 mm in diameter, representing accentuated normal architectural 
markings 

On microscopic examination the splenic follicles w^ere small and distinct, w'lth no evidence 
of fibrosis The sinusoids were almost empty and w’ere prominent, their endothelial cells being 
large Hyperplasia of the reticular system was marked There was congestion of the pulp, 
but there w^as noticeable destruction of red blood cells, many disintegrating red cells being 
present and much amorphous debris being found There w^as no evidence of leukemia 

Case 4 — M S, a wdiite woman 27 \eais old, w^as admitted to the Cedars of Lebanon 

Hospital, in Los Angeles, on Jan 11, 1941 and was discharged on Feb 10, 1941 

In July 1940 she had on her arms and legs a few areas that looked like blisters The 
larger ones w'ere about 3 cm in diameter These broke and discharged and then disappeared 
and have not recurred At that time she w'as given a few doses of a sulfonamide compound, 
and she thinks she became anemic In October 1940 she W'as told that her blood counts were 

normal, and she felt w'ell About two weeks before admission she had headaches and became 

weak She could not walk without staggering She had pounding in her ears on the least 
exertion A few days later she noticed that her skin was yellow During this time she took 
no medicine except a few tablets of acetyl salicylic acid 

At examination, the temperature was 101 F, the pulse rate was 100 and the blood pressure 
was 105 systolic and 55 diastolic She was pale, and the skin and the scleras were moderatelv 
icteric There W'ere no petechiae The mucous membranes W'ere normal except for pallor 
The lymph nodes w^ere not enlarged The spleen was easily felt The liver was not enlarged 

The urine w'as normal and contained no bile Urobilinogen was present (1 100) The 
icteric index was 54 The erythrocyte count w'as 1,480,000 The hemoglobin content was 26 
per cent and the leukocyte count w^as 5,100 There w^ere 77 5 per cent neutrophils and 20 5 per 
cent lymphocytes There was moderate amsocytosis No spherocytes were seen There were 
numerous normoblasts The fragility of the erythrocytes to hypotonic salt solutions was normal , 
hemolysis began at 0 45 per cent and was complete at 0 3 per cent The gastric analysis 
showed 35 per cent free hydrochloric acid and 65 per cent total aciditi The bleeding time 
(Duke method) was two minutes and thirty seconds The Wassermann reaction wuth serum 
was negative The blood did not show the bands of a porphyrin The patient’s blood belonged 
to group AB The serum produced no hemolysis or agglutination when set up wuth the patient’s 
own erythrocytes either in the ice box or at room temperature There was also no hemolysis 
at 80 C with any normal type serums used against the patient’s cells Furthermore, heated 
normal serums reactivated with guinea pig complement against her cells produced no hemolj sis 
The serums of groups B and O and cells of the patient show-ed hemolvsis and strong aggluti- 
nation 

In the hospital the patient’s temperature varied from 101 to 106 F She was gra\el> ill, 
and in spite of numerous transfusions her condition did not improve The hemoglobin content 
reached 50 per cent before operation On Jan 20, 1941 the spleen w^as removed Just after 
the operation the platelet count was 330,000 per cubic millimeter Her temperature reached 
normal tw'o days after operation 
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On January 22 the hemoglobin content was 60 per cent, and the leukocj tc count was 10,000 
On January 31 the patient aborted a 2 month fetus She was given three transfusions after 
operation, and her condition slowly improved, although mild blood changes were still present 
in August 1942 

The spleen measured 15 by 7 by 4 cm At the lulus were several small accessory spleens 
The veins were thin and smooth The cut surface was fleshy and deep purple Scattered 
through the pulp were numerous small nodules, irregular in shape and size but slightly larger 
than malpighian bodies, and measuring up to 3 mm m diameter The gross specimen ua«- 
reminiscent of a spleen showing Hodgkin’s disease 

The microscopic observations on the spleen were as follows The capsule was normal The 
trabeculae w’ere normal The blood vessels were dilated, and there w'ere a few' intra\ascular 
thrombi The pulp spaces showed unusually dilated sinusoids, giving the impression of intense, 
fairly acute and active hyperemia The distinction between sinusoids and pulp was poorly 
defined, and in the pulp there w'as moderate reticuloendothelial hyperplasia The majority of 
the follicles were normal Some were altered to form the gray nodules seen in the gross 
specimen These showed Inperplasn and infiltration with lymphocytes, poKmorphonuclcar 
cells and a few' plasma cells There were a few miiltinucleated cells in the areas of newly 
formed stroma There w'ere a few hemorrhages near the follicles There was little erythro- 
phagocytosis Splenic extracts w'cre made, but no hemolysin was demonstrated Stains of 
the spleen for iron showed a large increase 

Case S — ^J B, a w'hite woman 32 years old, was admitted to Saint Mary’s Long Beach 
Hospital, Long Beach, Calif, on Feb 10, 1942 and died on Feb 14, 1942 

She had had heart trouble for many years The acute illness for which she was admitted 
to the hospital began ten daes previoush with generalized pains and fe\er There was also 
considerable cough at first During the illness the urine was dark During the past twcnt\- 
four hours the skin had become yellow' 

There w'ere pallor and moderate icterus Ihere were no pctechiac and no enlarged hmph 
nodes The pulse rate was 110 per minute The temperature was 101 F The blood pressure 
W'as 120 svstohe and 60 diastolic There were sibilant rales in each lung The heart was 
enlarged to the right and to the left The first sound was loud at the apex, and there 
W’ere a loud presystohe murmur and a short, loud systolic murmur The edge of the Iner 
was 4 cm below the left costal margin 

On February 11 the hemoglobin content was 7 53 Gm The erythrocitc count was 1,750,000 
The leukocyte count was 48,100 There were a few' normoblasts There were 84 per cent 
neutrophils and 12 per cent lymphocytes A stained smear showed numerous macrocytes and 
microspherocytes The icteric index was 79 The patient’s serum clumped her own cells 
and the cells of all four normal t^pcs (Her father’s scrum also agglutinated cells of all 
normal types ) 

The patient’s temperature remained at 102 F, and the pulse rate ranged from 180 to 250 
per minute On February 14 the hemoglobin content was 5 0 Gm , the er^throcytc count was 
1,100,000, the leukocyte count was 61,400 and the platelet count w’as 520,000 per cubic milli- 
meter The erythrocytes were not abnormally fragile to Inpotonic salt solution, hemolysis 
began at 048 per cent and was complete at 038 per cent The urine showed some albumin 
and many casts but no hemoglobin The patient died Permission for an autopsy was not 
obtained 

Case 6 — D H, a w'hite man 67 rears old, w’as seen in consultation on Dec 31, 1941 
He had been well until the age of 58 years, when he had a coronary occlusion followed by 
atrial fibrillation, which has persisted About three years prior to examination gly'cosuria 
was noted and was thereafter easily controlled w'lth insulin In late September or early 
October 1941 he began to show pallor and tired easily During Nor ember he felt fairly 
well, but Ins friends noticed that he was rerv pale Early in December he r\as exhausted 
and noticed that his urine rvas dark He had no pain At that time the erythrocyte count 
was 3,200,000 per cubic millimeter The hemoglobin content was 60 per cent 

On December 14 there rvas marked jaundice The urine rvas dark but rvas not tested 
for bile The pulse rate rvas 80 per minute There rrere no petechiae The spleen and the 
liver rvere not felt There rvas no fever The icteric index rvas 80 The ery’throcrte count 
rvas 2,700,000 and the leukocyte count rvas 7,600 The hemoglobin content rvas 47 per cent 
There rvere many poikilocytes and marked anisocytosis There rvas marked basophilic stippling 
No definite microspherocytes rvere seen There rvere many reticulocytes The differential 
count was normal 

From December 17 to 31 he received five transfusions His temperature rose gradually 
from 100 F to 102 F to 103 F daily There rvas no bile in the urine The icteric index was 
20 His Wassermann reaction rvas negative 
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On December 31 he was extremely ill The hemoglobin content was 28 per cent The 
erythrocyte count was 1,500,000 and the leukocyte count was 6,300 There were 90 per cent 
neutrophils The pulse rate was 140 His temperature was 103 6 F The fragility of the 
erythrocytes to hypotonic salt solution was normal His serum did not agglutinate or hemolyze 
his own or other erythrocytes of the same type as his Nothing new was found by physical 
examination except that the tip of the spleen had become palpable A blood culture was 
negative 

The diagnosis seemed clearly established except that the absence of spherocytes had not 
been noted in any previous case Splenectomy was considered, but because of his age and 
the complicating diabetes melhtus and heart disease the operation seemed too hazardous He 
was given numerous small transfusions His jaundice slowly disappeared, and his blood became 
normal 

A few months later, however, pallor and jaundice reappeared, and the spleen again became 
palpable The anemia became marked, and anisocytosis with macrocytosis and microcytosis 
was present Only a few microspherocytes were ever present in stained films The osmotic 
fragility of the erythrocytes was normal, and no autoagglutination was observed 

His condition became critical, and repeated transfusions only increased the icterus without 
influencing the anemia The spleen was removed Following this, the anemia improved, but 
secondary Iwperthrombocytosis developed with multiple venous thromboses, from which he died 

Case 7 — A white woman 29 years old w'as admitted to the Los Angeles County Hospital 
on March 15, 1942 She complained that she had suffered from chills, fever, weakness, 
jaundice, headache and breathlessness for ten days The illness began about two weeks before 
admission, when her color was said to be peculiar, and the whites of her eyes became yellow 
Ten days before admission she was drenched by a cold ram, and that night she began to 
have chills and fever She also had cough and a pounding headache On March 18 she 
began to notice breathlessness The jaundice became deeper, and nausea and vomiting developed 
She had had no serious illnesses previously Her menstruation was noimal She had 

had four pregnancies The first ended at six months, the second at six weeks The last 
two resulted in normal births at term A positive Wassermann reaction was present in 1939, 
and she received injections m the hips and veins The last treatment was in November 
1941 No other member of her family was known to have jaundice or anemia 

Her temperature was 102 F The pulse rate was 120 The blood pressure was 130 systolic 
and 80 diastolic There was marked icterus of the skin and of the scleras, and there was 
marked pallor There were a few small hemorrhages m each fundus There were no petechiae 
The lymph nodes were not enlarged The edge of the liver was about 6 cm below the costal 
margin The tip of the spleen was just felt 

The hemoglobin content was 22 per cent The red cell count was 880,000 and the wliite 
count was 28,900 per cubic millimeter There were 30 per cent reticulocytes Ihe differential 
count was normal There were many macrocytes and normoblasts and many microspherocytes 
The icteric index was 56 The urine contained a large amount of urobilin The stool was 
very dark but contained no blood With hypotonic saline solutions the red cells showed 
beginning hemolysis at 0 82 per cent and complete hemolysis at 0 28 per cent There were 
no demonstrable autoantibodies or isoantibodies 

In the hospital the temperature remained between 101 and 104 F The patient was given 
numeruos transfusions Her blood picture and general condition improved On April 19 her 
symptoms increased and her anemia began to increase 

On April 22 the hemoglobin content was 22 per cent, the red cell count was 1,100,000 and 
the white cell count was 8,700 The stained films of blood showed many macrocytes, micro- 
cytes and microspherocytes 

Her condition became worse rapidly, and on April 24 her spleen was removed It was 
large, and sections showed some areas of necrosis There was some phagocytosis The pulp 
spaces were markedly congested 

No stones were present in the gallbladder There were a number of enlarged lymph nodes, 
some as large as a walnut, along the greater curvature of the stomach 

On May 6 some fluid with inflammatory cellular content was removed from the left pleural 
cavity Following this, the patient’s condition improv'ed 

On June 15 the hemoglobin content was 44 per cent, the red cell count was 2,370,000 and 
the white cell count was 14,400 There were numerous microspherocytes in the stained film 
The icteric index was 13 

On July 13 the hemoglobin content was 69 per cent, the red cell count was 3,490,000 and 
the white cell count was 7,800 The stained smear showed marked anisocjtosis with main 
macrocytes and microcytes and numerous microspherocytes The fragility of the red cells 
to hypotonic saline solution was normal 
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Case 8 — J S , a white man 44 years old, was admitted to the Los Angeles County Hospital 
on Oct 13, 1941 and died on Nov 3, 1941 

He complained of weakness, breathlessness on exertion, jellow skin and pallor of three 
months’ duration He stated tiiat during the past five years he had had several episodes of 
jaundice and weakness with severe anemia The first one followed a senes of colds in the 
head He ivas in a hospital at that time and was given injections of h\cr extract Between 
the various attacks of jaundice he recoiered and returned to work Ihe last attack before 
the present one was eighteen months ago 

About ten days before admission he had severe pain in tlie left upper quadrant of the 
abdomen, associated with pain on breathing 

Five years ago he had a number of attacks of pain in the right upper ([uadrant of the 
abdomen and was told he probablv had gallstones He never had cla> -colored stools during 
any of these illnesses, although the urine w'as often quite dark During the past three years 
his attacks of weakness, jaundice and anemia have not been associated with pain in the right 
upper quadrant 

His past historv is otherwise inclcvant So far as he knows, none of his fami!} has had 
a similar illness 

The pulse rate was 78 per minute, the temperature was 1024 F , the blood pressure was 
140 systolic and 50 diastolic The patient seemed acuttlj ill There was marked pallor, 
and the skin and the scleras were icteric The tongue was not smooth There was no 
abnormal enlargement of the Ivmph nodes The lungs were normal Tlicrc was a loud 
systolic murmur over the bodv of the heart The edge of the liver was felt about 6 cm 
below the costal margin The spleen was felt about 4 cm below the costal margin The 
liver was tender The skin was normal except for the presence of a shallow ulcer, about 
1 by 1 5 cm , on the low er part of the left leg 

On October 13 the erjthrocjte count was 1,030,000, and the leukocvte count was 47,000 
per cubic millimeter The hemoglobin content was 22 per cent There were man> normo- 
blasts There was marked aiiisocvtosis with nian> small, dark microsphcrocv tes 

On October 14 the hemoglobin content was 4 Gm (25 per cent), the crvthrocjtc count 
was 960,000, and the Icukocjte count was 49,100 but was 22,300 when corrected for normo- 
blasts There were 23 jKr cent rcticulocv tes There were 64 5 per cent neutrophils, 21 per 
cent lymphocytes, 11 per cent monoevtes and 3 5 per cent other cells There were 119,000 
platelets per cubic millimeter The smear showed amsocvtosis with some macrocvtcs and 
numerous hyperchromic microsphcrocv tes The icteric index was 120 The urine contained 
large amounts of bile and urobilinogen The patient's blood was tvpc O (Moss group IV), 
but his serum agglutinated the cells of all donors and it also agglutinated his own red cells 
Tests for fragihtj of his cells were set up, hemolvsis began at 0 8 per cent and was not 
complete until 026 per cent hvpotomc salt solution was reached 

On October 25 the patient was cxtrcniclv ill His temperature varied between 101 
and 103 F The nonprotein nitrogen amounted to 70 mg per hundred cubic centimeters The 
icteric index was 96 The scrum albumin was 3 19 per cent and the serum globulin w as 
3 1 per cent The prothrombin content w as 60 per cent of normal The hemoglobin content 
was 36 per cent Cholccvstotomv was done, and gallstones were removed On October 29, 
following the removal of the gallstones, the patient’s condition became critical, and splenectomv 
was performed At that time his crvthrocvte count was 900,000 

On October 31 the patient was gravclv ill His temperature was 103 F , his pulse rate, 
132 per minute On November 1 the icteric index was 240 On November 3 the patient died 
After the spleen was removed, no further autoagglutination was noted during blood counts, 
and the resistance of the red cells returned to normal at the end of fortv-cight hours 

Blood specimens from three sons of this patient were examined The erv throevtes of none 
of them showed any increased fragilitj m saline solutions T he patient’s brother’s erythroev tes 
also showed no increase of fragihtj The patient's Wassernnnn and Kahn reactions were 
negative 

Before each operation the following tests were made at room temperature 

Patient’s Serum Group 0 Serum No Serum 

Patient’s erythroc 3 tes in 085 per cent No hemolvsis at No hemolysis at Moderate 

sodium chloride solution 4 and 16 hr 4 and 16 hr hemolysis 

Patient’s erythrocytes in 1 0 per cent Slight 

sodium chloride solution No hemolysis No hemoljsis hemoijsis 

Group O erythroev tes in 0 85 per cent 

sodium chloride solution No hemolysis No hemolysis No hemolvsis 

The patient’s serum agglutinated his own red cells and red cells of all normal types, but 
no hemolysins could be demonstrated The spleen weighed 600 Gm and was purplish red 
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The pulp spaces were packed with red cells, and the splenic sinuses were obliterated There 
was some hemosiderosis, and a few macrophages contained erythrocytes No other lesion 
of importance w'as found at autopsy 

Case 9 — A C, a white girl 17 years old, was admitted to the Hospital of the Good 
Samaritan, in Los Angeles, on Dec 8, 1939 and was discharged on Jan 29, 1940 

At the age of 7 years she began to have attacks of severe pain in the upper abdominal 

region At that time the spleen w'as enlarged With the attacks she had nausea and vomiting 

Often several months intervened between the attacks of pain During these j'ears she was 

often quite anemic, and her mother thought there was some relation between the attacks 

and the anemia At one time the hemoglobin content was as low as 36 per cent She had 
some fever with each of the attacks She w'as given three transfusions during those j^ears 
She never had abnormal bleeding of any type About three wrecks before the present admission 
she had a severe attack of pain in the upper part of the abdomen, and in a few days her 
skin was quite yellow She had a high fever and was very ill 

The tonsils had been removed She had had measles, mumps and pertussis Her menstrual 
history was normal There were no siblings, and the family history revealed no similar dis- 
ease, although her mother had had gallstones removed 

Physical examination showed a patient strikingly pale and deeply icteric She was acutelv 
ill and moderatel}'^ delirious Her temperature was 100 F The blood pressure was 100 
systolic and 70 diastolic There were no petechiae The lymph nodes were not enlarged 
The liver was not enlarged The soft edge of the spleen was felt just above the umbilicus 
On December 8 she had a convulsion, and on December 9 she had three more convulsions 
The jaundice was marked The urine contained bile and a heavy trace of albumin The 
hemoglobin content was 66 per cent The erj'throcyte count was 4,000,000 The leukocyte 
count was 11,000 There were 87 5 per cent neutrophils The icteric index was 700 Ihe 
sedimentation rate was 12 mm in twenty-four minutes (normal, 120 minutes) The blood 
cholesterol amounted to 284 mg per hundred cubic centimeters The Wassermann reaction 
was normal 

On December 11 the patient was intensely icteric There was no bile in the stool A roent- 
genogram of the abdomen showed a large spleen, a slightly enlarged liver, ten gallstones m 
the gallbladder and one m the region of the ampulla Roentgenograms of the bones showed 
no changes of congenital hemolytic icterus On December 15 the hemoglobin content was 
30 per cent The leukocyte count was 4,100 and the erythrocyte count 2,000,000 One normo- 
blast was seen Many spherocytes were present The coagulation time was fifty-five minutes 
(Howell method) The icteric index was 160 

On December 18 the fragility of the erythrocytes to hypotonic saline solution was normal 
No autohemolysins or autoagglutinins were demonstrated 

On December 21 cholecystotomy was performed Ten stones were removed, and the common 
duct was probed The icteric index was 74 

On December 26 the hemoglobin content was 67 per cent On January 27 the icteric index 
was 30 

Coiiise of the Disease — From December 9 to December 15 the hemoglobin content decreased 
from 66 to 30 per cent During that time there was extreme hemolysis and, in addition, the 
stools were acholic from obstruction of the common duct 

During the first week m the hospital her fever was low, but from December 14 to January 10, 
1940 she was delirious or comatose and her temperature varied from 102 to 104 F Following 
this period, the hemolysis became less, the hemoglobin increased and the temperature returned 
to normal 

This patient has been observed on many occasions since the early part of 1940 On all 
occasions she was anemic and icteric, and the spleen was felt near the level of the umbilicus 
The latest blood count at the time of writing was made in Frebuary 1942 The hemoglobin 
content was 52 per cent The red cell count was 4,300,000, and the w'hite cell count was 
7,900 with 65 per cent neutrophils There were large numbers of microspherocjtes and a few 
macrocytes The reticulocytes were 16 per cent 

Case 10— H I, a Japanese girl IS years of age, w'as first seen m October 1938 About 
two weeks previously she began to have jaundice By December 27 the jaundice w'as deeper, 
and she was admitted to the hospital 

She had been well previously, although she had lost 10 pounds (4 5 Kg) in the past 
three months Neither parent had had jaundice 

On admission her temperature was 99 4 F The tonsils were large The spleen and the 
liver were not felt The hemoglobin content w'as 37 per cent The red cell count w as 
1,380,000 The white cell count was 10,400 The color index was 1 4 The differential count 
was normal There w'ere many macrocytes and microcytes and numerous normoblasts The 
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reticulocyte percentage was 84 The icteric index was 40 Hcmoljsis in hjpotonic saline 
solutions began at 0 50 per cent and was complete at 0 40 per cent The diameter of the red 
cells varied from 4 to 11 microns 

On Jan 27, 1939 the spleen was remo\ed because the patient \sas belic\ed to Imc con- 
genital hemolytic jaundice 

On March 27 the hemoglobin content was 77 per cent, and the uhite cell count was 8,600 
The patient felt well, but she was still icteric 

On August 10 the icteric index was 260, the hemoglobin content was 41 per cent, and the 
wdnte cell count w'as 15,150 There w'cre numerous microcytes and normoblasts 

On Jan 2, 1940 she was admitted to tlie Los Angeles County Hospital She complained 
of weakness, nausea, vomiting and jaundice She w'as found to have deep jaundice Her 
temperature was 103 F The edge of the liver w'as 5 cm below the costal margin The red 
cell count w'as 980,000 The white cell count w'as 70,000 (uncorrccted for normoblasts) 
Fragility tests with h\potonic saline solutions showed hcmoljsis beginning at 0 72 per cent 
and complete at 0 42 per cent 

Her temperature rose to 102 F or more each dav On January 14 the icteric index w’as 364 
On January 5 the hemoglobin content was 44 per cent, the red cell count w'as 1,660,000 
and the white cell count was 82,150 (w'hen corrected for normoblasts it was 16,680) The 
differential count w'as normal Witli Inpotonic saline solutions, hemohsis began at 0 72 per 
cent and was complete at 0 26 per cent There were numerous macrocjtes, normoblasts 
and spherocytes at all times, and tlic reticulocytes were greatly increased 

On January 22 tests for fragihh of cnthrocjtes showed initial hemoljsis at 084 per cent 
and complete hemolysis at 034 per cent Approximately the same results were obtained ten 
days later The patient continued to ha\e fc\cr daily She was gi\cn three transfusions 
On March 1 the red cell count was 2,500,000, the white cell count was 20,600 and the hemo- 
globin content was 70 per cent The smear showed many macroc%tcs, normoblasts and 
spherocytes The icteric index was 44 The urine contained bile and a large amount of 
urobilinogen 

On March 27 the patient had impro\cd slowly Her fc\cr had ncarh disappeared The 
abdomen was searched for an accessori spleen or liemolymph nodes None W'as found 
The gallbladder was removed, and it was essentially normal but contained ten small soft 
pigment stones 

On June 14 the patient was icteric The icteric index was 20 The hemoglobin content 
was 64 per cent The red cell count was 2,820,000 and the white cell count was 9,550 The 
color index w'as 126 The reticulocitc percentage was 20 4 Fi\c normoblasts were seen 
The smear show'cd many macrocytes and numerous spherocytes 

Tests for autoagglutination and isoaggliitination were not made at an\ tunc Howc\er, 
since typing for transfusion w'as not difficult, one maA assume that there was no isoantibodv 
present 

Case 11 — F F, a white w'oman 55 years old, was admitted to the Los Angeles Countv 
Hospital on Sept 7, 1941 She complained of jaundice of eight months’ duration 

Three years previously her gallbladder was removed, but no stones were found Four 
months later the abdomen was again explored Since then she had felt w'cak and run down 
Eight months before admission she became ill with fc\cr, chills and jaundice, and these 
had been present at interi'als up to the time of admission She had Aoniited frequently and 
had had some abdominal pain during the past eight months During that time she had sei'en 
blood transfusions to relieve her anenita 

Her father died of pneumonia and her mother died of renal trouble She had six siblings 
living and well None had jaundice She had tw'o ciiildren, aged 33 and 36, living and well 
Her appendix w'as remoA'ed at the age of 25 years Afterw'ard an o\arian evst and the 
tonsils were removed, and a tentral hernia W'as repaired She had a normal menopause at 
41 years of age 

On physical examination her temperature w'as 1022 F The blood pressure w'as 130 
systolic and 80 diastolic She appeared chronically ill She w'as pale and jaundiced There 
were no petechiae, angiomas or enlarged lymph nodes The heart and the lungs w'cre normal 
The edge of the liver was felt about S cm below the costal margin The low'cr border of the 
spleen was palpable 8 cm below the costal margin 

On September 9 the hemoglobin content was 44 per cent, the red cell count w'as 2,360,000 
and the white cell count was 14,100 There were 84 per cent neutrophils and 16 per cent 
mononuclear cells The urine w'as loaded with pus and Escherichia coli Her temperature 
was 104 F Several stools rvere examined, and no abnormalities were noted The icteric 
index was 28 The blood cholesterol amounted to 165 mg per hundred cubic centimeters 
The prothrombin content was 75 per cent of normal The bleeding time w'as one minute, the 
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clotting time was six minutes, the clot retraction was normal Tests for fragihtj of red cells 
showed initial hemolysis at 0 56 per cent and complete hemolysis at 0 26 per cent 

On September 17 the hemoglobin content was 8 5 Gm , and the red cell count was 2,590,000 
The hematocrit reading was 22 cc of packed cells per hundred cubic centimeters of blood 
The volume index was 1 04 The mean cell volume was 88 cubic microns and the mean cell 
hemoglobin content was 34 micromicrograms There were many macrocytes and spheroci'tes 
The bone marrow was said to be consistent with the diagnosis of congenital hemolytic jaundice 
Several blood cultures were negative On October 21 the fragility test showed beginning 
hemolysis at 0 6 per cent and complete at 026 per cent The Wassermann reaction was 
negative The urine contained an excess of urobilinogen 

The patient’s condition became steadily worse, and she was believed to have an obstruction of 
the bowel On September 22 the abdomen was opened There were many adhesions Nothing 
of importance was visualized, and nothing was done The postoperative course was stormv , 
but she recovered Some ascites was present for several weeks and then disappeared 

On October 28 the hemoglobin content was 60 per cent, and the red cell count was 2,110,000 
She had continuous pyuria and apparently pyelonephritis 

On March 8, 1942, the hemoglobin content was 50 per cent, the red cell count was 2,010,000 
and the white cell count was 7,100 A differential count was normal There were 10 per cent 
reticulocytes The fragility test with hypotonic saline solutions showed initial hemolysis at 
0 72 per cent and complete hemolysis at 026 per cent The stained smear showed many 
macrocytes and microspherocytes The icteric index was 13 

The patient went home but was readmitted to the hospital May 14 She complained of 
burning and frequency of urination Her legs were slightly swollen There was considerable 

pain in the left upper quadrant of the abdomen Her blood pressure was 154 systolic and 

92 diastolic The spleen reached to the umbilicus The liver was just felt There was a 
blowing systolic murmur at the apex, but the heart was otherwise normal There was slight 
jaundice 

The urine contained numerous pus cells, but no albumin or casts were found 
On May 15 the nonprotem nitrogen amounted to 40 mg per hundred cubic centimeters 
The serum albumin was 4 per cent, and the serum globulin was 2 5 per cent The icteric 
index was 25 An electrocardiogram was normal The hemoglobin content was 51 per cent 
The red cell count was 2,100,000 The white cell count was 8,400 The reticulocyte count 
was 23 per cent The differential count was normal The smear showed many macrocytes 
and microcytes and numerous microspherocytes With hypotonic saline solution, hemolysis of 
the red cells began at 0 68 per cent and was complete at 0 28 per cent 

On June 8 the icteric index was 51 The urine was essentially normal, and it was believed 

that the pyelitis was cured 

On June 13 the spleen was removed It weighed 680 Gm Sections showed only marked 
congestion of the pulp spaces with obliteration of the sinuses A few macrophages containing 
erythrocytes were seen 

On June 15 the hemoglobin content was 78 per cent, the red cell count was 3,560,000 and 
the white cell count was 11,800 A stained film showed numerous macrocytes and microcytes 
The patient continued to improve, but blood smears studied in August 1942 still showed 
the characteristic changes of the red blood cells Thus the symptoms had been relieved, but the 
evidences of the disease in the altered appearance of the red cells still jiersisted 

Case 12 — ^H S , a white woman 64 years old, was admitted to the Hospital of the Good 
Samaritan, in Los Angeles, on June 4, 1942 She complained of weakness, breathlessness and 
irregular beating of the heart 

She first noticed her illness about two years previously, when she began to have increasing 
weakness and nervousness In January 1942 she became very weak and short of breath, 
and she noticed that her skin was pale Numbness of the hands developed, and her gait was 
uncertain She was given iron and injections of liver daily, but she did not improve 

During the two months prior to her admission to the hospital she had been given four 
transfusions without relief About a month before, she noticed that her skin was yellow 

Physical examination showed nothing remarkable except pallor, moderate jaundice and a 
large spleen with the edge reaching to the level of the umbilicus The spleen was not tender 
There were no petechiae, no swelling of the gums and no enlarged Ijmph nodes The deep 
and superficial reflexes were all normal The sense of position and vibratory" sense were normal 
The urine had a specific gravity of 1 017 and contained no sugar , a faint trace of albumin 
was present Urobilinogen was positive in the dilution 1 130 

The hemoglobin content was 31 per cent The red cell count was 1,600,000 The Icukocjtc 
count was 5,000, with a normal distribution of the cell types There were moderate numbers 
of macrocytes and spherocytes There were 24 4 per cent reticulocj'tes The icteric index 
was 32 The hematocrit reading of the packed cell volume in a Salih tube was 16 per cent 
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The Wasscrmann reaction was negative The patient's blood belonged to tjpe IV (O) The 
van den Bergh test gave a negative direct reaction With hypotonic saline solution, hemolysis 
began at 0 4 per cent and was complete at 0 3 per cent In hanging drop preparations the 
patient’s serum agglutinated her own red cells No evidence of autoliemolysis was present 
The patient had a low grade fever, with a temperature between 99 and 100 F 
On June 5, 1942 the hematocrit reading was 16 per cent with the Sahli tube The reticulo- 
cyte count was 24 4 per cent, and the icteric index was 32 

On June 17 the spleen was removed by Dr C F Sturgeon It weighed 1,950 Gm and 
measured 35 bv 20 by 12 cm It was soft and contained innumerable tinj graj areas, which 
A\ere probably hyperplastic lymph follicles Sections shor\ed numerous malpighian bodies The 
spleen was verj cellular, and the pulp spaces were distended with blood 
On June 18 the hemoglobin content was 48 per cent 

On July 8 the hemoglobin content was 73 per cent, and the red cell count Mas 4,000,000 
The stained film shoM'ed slight amsocjtosis, but no microspherocj tes Mere present The icteric 
index M^as 9 The patient seemed entirelj Mell, and her blood had returned to normal At 
operation her gallbladder contained a fcM’ stones, but these M'Cre not remo\cd 


RLSUMi: or OBSnR\AlIONS 

The clinical features of the acute foim of acquiied hemolytic anemia have been 
veiy similar m all of the reported cases In children the disease usually has had 
an abrupt onset with chills and fevei and frequently has run its course m a week 
or ten days, or even less In adults there w'as as a rule a peiiod of \ariable duration 
marked by increasing fatigue, weakness and malaise In a few cases this period 
W'as brief but most of our patients when questioned caiefully recalled that their 
symptoms began insidiously a few weeks or even a few months before they con- 
sulted a physician By that time the usual complaints were exhaustion, dizymess. 
anoiexia, nausea, vomiting and often abdominal cramps Some patients also 
complained of headache, bieathlessness and faintness on exertion 

On the first examination pallor and jaundice were always present, and there 
W'as some fever Following this penod, the symptoms frequenth became more 
severe rapidly The temperature usually \aried between 101 and 104 F but was 
occasionally higher Chills w'eie frequently present The anemia usually became 
profound Jaundice increased, and the patient at times became delirious or even 
had convulsions At this latei period physical examination as a rule showed 
only jaundice, pallor and slight enlargement of the spleen and possibly of the 
liver One patient piesented a lemaikablc erythematous lesion of the sKin The 
stools were often dark ow'ing to the presence of large quantities of bile pigment, 
and the mine also contained large amounts of bile and urobilinogen In some 
patients, after a vaiiable number of transfusions, the symptoms ameliorated and 
complete recoveiy took place This lesult in the leported cases seemed to be 
especially frequent in children In other patients transfusions produced intensi- 
fication of the icterus and fever without any gam in hemoglobin, while in still other 
patients seveie leactions to transfusion occurred In some instances the patients 
condition soon became critical, and splenectomy had to be pei formed as a life- 
saving measure 

The duration of the acute type of acquired hemolytic anemia has varied 
considerably There was a fulminating type, especially in children, which ran its 
course in a few' weeks or less, and there w'as a subacute type lasting from a month 
to three months or more Since any separation into acute and subacute types is 
purely arbitrary, I have grouped these cases together as examples of acute 
acquired hemolytic anemia of unknow'n cause In addition to this gioup I have 
observed a number of cases of a chronic type marked by acute hemolytic crises, 
often of extreme severity, and by marked instability of the hemolytic balance 
of the red cells but otherwise presenting the same hematologic features as the 
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acute type, although somewhat modified m intensity Moreover, as I shall 
mention latei, I am of the opinion that the chronic is really more frequent than the 
acute type, although the latter has been reported more frequently 

The hematologic features of acute hemolytic anemia are of consideiable interest 
There is usually a leukocyte count greater than 15,000 per cubic millimeter (after 
making allowance for nucleated red cells) with a normal distribution of the cell 
types and a marked shift to the left The ei^^thiocyte count frequently drops to a 
million 01 below, and the color index is eithei at unity or usually slightlj higher 
The stained smear shows numerous maciocytes, containing normal or slightly less 
than normal quantities of hemoglobin In addition there are numerous, deepl} 
staining mici ospherocytes Nucleated led cells are frequent and may be abundant 
There are some, but not a large number of, poikilocytes Many led cells show 
diflfuse and punctate basophilia The numbei of reticulocytes is always increased 
and may be as large as 80 per cent oi moie The platelet count is normal 

The blood pictuie is characteristic and when typical is practically pathognomonic 
of the disease It is, of course, dependent on rapid destruction of blood, probably 
of large numbers of spherocytes, and, pan passu, rapid regenerations of blood 
with reflection in the blood stream of all the types of cells of a hyperplastic, 
regeneiative bone marrow of normoblastic type 

The rapidity of the destr^uction of blood m the hemolytic crisis is great In 
many patients the red cell count may diop a million a day and the loss of hemo- 
globin ma) be nearly as large proportionately Even with this enormous destruc- 
tion of red cells, the stained smears of the blood show all the features of intense 
regeneiative activity of the bone marrow No evidence of exhaustion, injui) or 
dysfunction of the mai row^ has been present m patients with the acute or the chronic 
type of the disease In 2 patients who died during the acute hemolytic crisis there 
was also no morphologic evidence of terminal exhaustion of the marrow^ In a 
number of patients with the chronic form of acquired hemolytic icteius death w'as 
due to the piofound anemia combined with hepatic insufficiency as the result of 
hepatic fibrosis produced by intrahepatic and extrahepatic pigment stones in the 
biliary system and the resultant chronic infection in the biliary ducts 

Thus the characteristic blood pictme of acquned hemolytic anemia consists of 
profound anemia with numerous macrocytes and spherocytes, a color index at or 
above unity, marked reticulocytosis with othei evidences of immaturity of the 
maciocytes, numerous noimoblasts and leukocytosis This type of moiphologic 
alteration of the red cells w^as called pseudomacrocytosis by Dameshek and 
Schwartz, and this term aptly describes the changes in the red blood cells 

An infrequent hematologic phenomenon in acute hemolytic anemia has been 
the presence of an autoagglutmin oi of an isoagglutinm and m some cases of an 
isohemolysin and/or an autohemolysin I was not able to demonstrate autohemol- 
>sis 01 isohemolysis in any of my patients An autoagglutmin and/or an isoagglu- 
tinin, however, was present in 4 patients (cases 2, 5, 8 and 12) The serum of 
the healthy father of one of these patients also contained an isoagglutinm for all 
normal types of red cells One of these patients, early m the disease, had an auto- 
agglutinm and an isoaggultmin foi all except type O cells Later her serum 
agglutinated her father’s cells, which were type O Another patient had an auto- 
agglutmin and an isoagglutinm for all normal tipes of erythrocytes, but these anti- 
bodies disappeaied a few hours after the spleen was removed 

The resistance of the red cells to hypotonic solutions of sodium chloride has 
been noimal m the majoiity of the lepoited cases In a number of instances the 
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fragility of the red cells has been greatly iiici cased Since spherocytcs were present 
m the blood in all of my patients w’lth this disease, although in very small numbers 
m 1 patient, it is not their piesence alone which determines the increased fragility 
Neither is the diminished resistance of the red cells dependent on the presence of 
autoantibodies or isoantibodies, since these antibodies are frequently not present in 
the serum of patients with the disease The fragility of the red cells of most of 
my patients was noimal With hypotonic saline solutions the hemolysis of the 
red cells of 1 patient began at 0 85 pei cent and was complete at 0 26 pei cent 
The red cells of another showed beginning hemolysis at 0 82 per cent and complete 
hemolysis at 0 28 pei cent The led cells of a third patient showed beginning 
hemolysis at 0 8 per cent and complete hemolysis at 0 26 per cent With those of 
a fourth patient hemolysis began at 0 84 per cent and w'as complete at 0 34 per 
cent This unusually w'lde difference in hypotonicity between beginning and 
complete hemolysis is seldom seen m any other disease so far as I know* Its 
significance wull be discussed lalei 

Hemoglobinuria was not present in an} of my patients or m the patients 
observed by Dameshek and Sclnvait/’" In regard to the more fulminating type 
of the disease in childien, AtkinsoiH'* found that hemoglobinuria has been 
reported in about 30 per cent of the cases The rarity of the presence of hemo- 
globinuria IS probably of considerable unportance m the genesis of the malady and 
w'lll be discussed later 

The pathologic changes have usually been described as follow's moderate 
enlargement of the spleen w'lth packing of the splenic pulp wuth red cells to such 
a degree that the normal i cnous sinuses have been obliterated , presence of hyaline 
thrombi in the radicles of the splenic vein or in the small peripheral \enules, 
marked hyperplasia of the bone marrow', hemosiderosis of the spleen and liver 
and some degree of erythrophagocytosis in both of these organs, and usually 
marked hyperplasia of reticuloendothelial cells in the spleen, the Iner and the bone- 
marrow 

The marrow of 3 patients studied by Dameshek and Schwartz 

showed in eacli instance a verj In perplastic marrow w’lth marked predominance of 
erythroblastic cells Manj of the carh nucleated red cells resembled megaloblasts, 

but careful examination demonstrated that the resemblance w'as only superficial In any e\ent, 
the most mature nucleated red cells were definitely normoblastic and showed none of the 

megaloblastic criteria The marrow was thus “normoblastic" and could readiK be differentiated 
from the t 3 pically megaloblastic marrow of the li\cr-c\tract deficiency state (pernicious 
anemia) 

COMMCNl 

I have described brief!} tlie chief clinical and hematologic features of acquired 
hemolytic anemia, and an attempt w'lll be made to correlate these with the 
theoretic and experimental obsen'ations Avhich may have some importance in any 
consideration of the genesis of the malady 

The most striking feature of the stained blood film of the patient with the 
disease is the presence of large numbeis of maciocytes and spherocytcs In 
general, from a stud}' of the smeai one gets the impression that the average 

16 Atkinson, F R B Lederer’s Anemia, Brit J Child Dis 37 35, 1940 

17 Recently Hargraves, Herrell and Pearman reported a case of erv throphagocj tosis of 
high degree m the peripheral blood, inyolving monocjtes, macrophages and leukocytes The 
patient recovered following transfusion of blood The clinical features resembled those of 
acute hemolytic anemia (acquired t>pe), and the case was reported under the title “Erythro- 
phagocytic Anemia (Lederer’s Anemia’)” How'ever, peripheral erythrophagocj tosis has not 
been reported m Lederer’s anemia nor in acquired hemolytic anemia 
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diameter of the red cells is greater than normal in spite of the presence of 
numerous small deeply stained spherocytes In addition the coloi index is usually 
at unity or even above 

The peripheral blood always shows evidences of increased i egenerative demands 
on the bone marrow In addition to the macrocytes theie may be as many as 
80 per cent reticulocytes and large numbers of normoblasts duimg the period of 
active hemolysis Both autopsy and biopsy specimens of bone mairow haie 
shown a hyperplastic, normoblastic marrow without other significant abnormalities 
The presence of large numbers of spherocytes in the blood in this disease is of 
great diagnostic importance, although its significance is not yet entirely clear in 
spite of many dogmatic statements conceining the origin of these cells Haden 
m a recent review of his own observations and of those of previous investigators 
accepted the common belief that the spheroc)'te is a red cell which has been injured 
by one of various means According to this theoiy, one may assume that the life 
span of the spherocyte has been shortened b}'- such an injury and that it will soon 
be destioyed by some means somewhere in the body He stated that m congenital 
hemolytic icterus these cells are probably abnormally formed in the bone mariow 
although m certain other maladies they may acquire their spheroidal shape after 
leaving the marrow Dameshek and Schwaitz^® concluded that spheiocytes are 
formed outside of the mairow and that they represent mature red cells which 
have been damaged by various types of hemolytic agents This is the pi evading 
belief at the present tune, and most observers agree that the spherocyte is a 
cell of lowered resistance that was damaged after its biith and was not therefoie 
originally an abnormally formed cell I believe, furthermore, that the spherocyte 
IS not necessarily of lowered osmotic resistance, although its resistance to othei 
hemolytic agents may be diminished 

In congenital hemolytic icterus spheiocytosis and increased fi agility in hypotonic 
solutions of sodium chloride are constantly present Neither one of these abnor- 
malities completely disappears, although both may dimmish, after splenectomy, a 
procedure which abolishes all other manifestations of the disease In acute 
acquired hemolytic anemia spherocytosis is also constantly present, although 
increased fragility of the red cells in hypotonic saline solutions is only occasionally 
observed Apparently in the latter disease the diminished resistance of the red 
cells to hypotonic solutions does not parallel the extent of the damage to the red 
cells by the hemolytic agent, the number of spheiocytes in the circulating blood, 
the degree of anemia or the presence of autoantibodies in the serum At the 
moment, therefore, it is not possible to explain the variable behavior of the sphero- 
cytes of acquired hemolytic anemia with hypotonic saline solutions Both the 
spherocytosis and the increased fragility may be quickly abolished by splenectomy 
in some cases oi apparently cured by transfusions of blood in other cases In 
the hemolytic anemia reported as Ledeier’s anemia a single, small transfusion has 
been followed occasionally by complete cuie I was not able to find spheiocytes in 
the blood of a patient with severe paroxysmal nocturnal hemoglobinuria (Mar- 
chiafava-Micheh syndrome), nor were Buell and Mettier Neither has their 

18 Hargraves, M Ad , Herrell, W E and Pearman, P O Er\ throphagoa tic Anemia 
(Lederer’s Anemia?) Report of a Case with Reco\er.\, Proc Staff Meet, Afayo Clm 16 107, 
1941 

19 Haden, R L The Nature of Hemolytic Anemia, in A Symposium on the Blood and 
Blood-Forming Organs, Adadison University of Wisconsin Press, 1939, p 83 

20 Buell A and Alettier S R Paroxi-^smal Nocturnal Hemoglobinuria with Hemohtic 
Anemia (Marchiafa%a-Micheli Syndrome), J Lab & Clin Med 26 1434, 1941 
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presence been reported m cold-hemoglobinuna nor ni mai ch-bemoglobinuna 
Dameshek and Schwartz weie able to produce spheioc3'tes by the injection of 
hemolytic serum or certain hemolytic agents into the blood stream Ham and 
Castle -- showed that when erythrostasis was imitated in viti o b}^ sterile incuba- 
tion of defibrinated human blood the cells increased in volume, in spheroidicity and 
in osmotic fragiht} Others had pieviousl}’’ shown that in bloodj' spinal fluid and 
in hemothorax a hemolj'^sin was pioduced and that the red cells gradually showed 
increased fragiht) and inci eased spheroidicity befoie disintegration occurred Thus 
it is probable that the sti iking congestion of the spleen in acquired hemolytic 
anemia is in some uai dependent on the alteration of the physical behavior of the 
red cells produced by the action of some hemolysin which damages them in the blood 
stream Since these damaged led cells are probably unable to leave the spleen, for 
reasons not now knoun enthiostasis in that organ becomes increasingly intense 
and this produces fuithei alterations of these injured red cells, vith increase of the 
rate of their dissolution by the noimal action of the spleen and of the reticulo- 
endothelial system 

In acquired hemolytic anemia, thercfoie, it is jnobable that some hemolytic 
agent acting on the led cells in the peiiphcial circulation increases their spheroidicit) 
and in some instances also inci eases then fragiht) as tested with h)potonic saline 
solutions Since these injuied cells are not destroyed at once in the blood stream, 
they eventually entei the spleen where thc) are held back for destruction Thus 
the spleen becomes engoiged in nearl) all types of hemol)tic anemia Erythro- 
stasis in the spleen inci cases as the disease progresses, and it is probable that this 
factor may play an important part m thc increasing tempo of hemolysis m the acute 
phase of the acute hemolytic ciisis Thus the red cell which has been injured but 
not destroyed in the peiipheial ^essel succumbs more or less rapidl) to the normal 
destructive action of the spleen on effete red cells augmented b) the deleterious 
influence of erylhiostasis m thc spleen on thc erythrocjtcs In certain fulminating 
types of acute acquired hcinohtic anemia h) aline thrombi have been extensive in 
the terminal vessels Since the) are produced b) the conglutination of red cells, it 
is further evidence of the effect of stasis on thc injured red cells in the more 
severe types of this disease no matter whether the stasis occurs in the spleen or m 
the peripheral arterioles 

This conception of the lole of the spleen in the genesis of the disease seems to 
correlate wnth the facts knowm at the present time How'^evei, since the cause of 
acquired hemolytic anemia obviousl) does not reside in the spleen removal of this 
organ will not cuie the disease in c\ery instance In some cases the damage to 
the red cells b)’’ the hemolytic agent may be so great that even removing the 
destructive influence of the spleen and of erythrostasis in the spleen may not be 
sufficient to cairy the patient thiough the acute phase of the disease or to tide 
him over the ciitical peiiod befote the hemolytic agent eithei leaves the blood 
stream spontaneously or becomes less actn'^e in those instances in wdiich the disease 
IS doomed to run a chronic course 

There is another feature of acute hemolytic anemia which mai be of funda- 
mental importance in any theoiy of the genesis of the disease In my cases and m 
those reported by Dameshek and Schw^aitz,^® in spite of the extieme lapidity of the 
hemolysis, no discoloi ation of the uiine by hemoglobin w^as observed In all of 
the patients the icteius w^as of high degiee In the A'arious t)pes of hemoglobinuria, 

21 Gilhgan, D R, and Blumgart, H L March Hemoglobinuria, Medicine 20 341, 1941 

22 Ham, H H, and Castle, W B Relation of Increased H\potonic Fragilit}'- and of 
Erythrostasis to the Alechanism of Hemohsis m Certain Anemias, Tr A Am Phjsicnns 
55 127, 1940 
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on the contraiy, the hemoglobinuria and the hemoglobinemia may be marked 
although spherocytes aie absent, icterus is mild and the degree of anemia is slight 
in compaiison with the marked hemoglobinuria 

The frequency of hemoglobinuria in patients with acquired hemolytic anemia 
is not known accurately, although Atkinson repoited that it was present in 11 
of 30 children with all types of acute hemolytic anemia In this connection 
Dameshek and Schwartz • stated that when an immune hemolysin is injected 
into the blood stream of guinea pigs in diffeient doses, vaiious lesults are obtained 
With large doses theie is a fulminating anemia with hemoglobinuria, while with 
small doses theie is a “pseudomacrocytic” anemia without hemoglobinuiia I 
have obtained these lesults by injecting rabbit serum immune to human red cells 
into patients with multiple sclerosis However, I believe these expeiimental lesults 
oversimplify the problem It is probable that in acquiied hemolytic anemia the 
hemolytic agent acting on the blood cells, probably m some portion of the periph- 
eral blood stream, is either small in amount or of low potency and that the led 
blood cells injured by it aie consequently destroyed only in the spleen and aie not 
hemolyzed in the geneial vascular system In hemoglobinuria, on the contiary, 
the hemolytic agent is of small amount but of high potency, and the cells injured by 
It aie hemolyzed laigely in the blood stream before they reach the spleen and their 
hemoglobin is theiefore set free in the blood vessels Since the renal threshold foi 
hemoglobin in man is about 135 mg of hemoglobin per hundred cubic centimeters 
of blood,^® it IS apparent that only small quantities of hemoglobin need to be libei- 
ated into the blood vessels to cause marked hemoglobinuria In acquired hemo- 
lytic anemia, on the contrary, the led cells injured in the blood stream by the 
hemolytic agent of the disease are destioyed only in the spleen, and fiee hemo- 
globin does not enter the blood stream unless the amount of hemoglobin liberated 
by the hemolysis overwhelms the spleen and the liver In hemoglobinuiia the 
hemolytic agent destroys the red cells and liberates the hemoglobin in the blood 
stream, and most of it leaves the body through the kidney just as if hemoglobin 
had been injected into the blood vessels In support of this hypothesis Gilligan 
and Blumgart in a study of march hemoglobinuria found that even though the 
hemoglobinuria was of maiked degree no appreciable anemia was obseived in then 
patients, and the same general lesults have been obseived frequently in cold- 
hemoglobinuria and m paroxysmal nocturnal hemoglobinuria 

One of the more interesting features of acquiied hemolytic anemia occasionally 
leported is the presence of agglutinins or of hemolysins in the serum Widal, Abrami 
and Brule and Chauffaid and Troisier® observed the phenomena associated with 
these and were convinced of their importance in the genesis of the disease They 
assumed that the hemolysins might be endogenous or exogenous in origin Widal 
and Abrami® expiessed the belief that the red cells in acute acquired hemoljdic 
anemia were changed to spheiocytes in the blood stream by the action of a hemo- 
Ijdic substance They assumed that the malady could be explained by the theory 
of hemolysis developed by Bordet 

The hemolysins, accoiding to this hypothesis, are practically completely absoibed 
by then specific antigen, the red cell This combination of hemolysin and antigen 
will then absorb most of the complement Thus in vitio the serum will be non- 
hemolytic, since all the hemolysin is absorbed by its antigen The content of 
complement will be diminished or even absent, since it is in great part attached 
to the antigen-antibody union The led cells will be complete!} hemolyzed if the 
amounts of hemolysin and complement are sufficient If these quantities are 

23 Yuile, C L Hemoglobinuiia, Physiol Rev 22 19, 1942 
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incomplete, the led cells will be fi agile and will be hemolyzed only after the 
addition of more complement In the patient with acute hemolytic anemia “the 
red cells are fragile to hypotonic saline solution, just as sensitized red cells are 
after they haA^e been given a small dose of complement, and they will dissolve 
completely when placed in serum rich in complement, just as led cells sensitized to 
a hemolj’^sm would ” The serum in vitio has no hemolytic action since all the 
hemolysin is fixed by the led cells Thus the serum 'acts as though it contained 
an anticomplementary substance, and it is piobable that it is the unstable equilibrium 
acting without ceasing between the circulating hemolysin and the antihemolysin 
which causes the incessant vai lations of the state of the blood in this malady Chauf- 
fard and Troisier ** first found a hemolj'sin in the serum of a patient with acquired 
hemolytic anemia This serum contained an autohemol) sin and also an isohemoly- 
sin which disappeared when it was heated to 56 C but which letuined when com- 
plement was added They belie\ed that the aiitoantibody was of fundamental 
importance in the disease, and they assumed, therefore, that acquired hemolytic 
anemia was really a hemol3''Sinic anemia and so named the disease 

The problems concerning the relation of the autoantibodies and isoantibodies to 
the genesis of the disease were discussed m a lecent article by Reisner and Kalk- 
stein According to these authors, Wicnei in a pei sonal communication expressed 
his opinion that the autoantibodies Avere a symptom and a lesult of the disease 
lather than its cause Apparentl) he expressed the belief that A\hen massive 
destiuction of led cells occurs, the deslrbyed led cells themselves under certain 
conditions may stimulate formation of autoantibodies “When only a small amount 
of hemolysis occurs the reticulo-cndothelial system can take care of the effete cells, 
but Avhen large amounts of blood are destiojcd the accessory mechanisms of auto- 
antibody formation are bi ought into jilay ” Ihey stated that agglutination and 
hemolysis of red cells aie due to the identical immune antibody acting under dif- 
ferent conditions “Therefore, aac believe that although they may not ahvays be 
found AVithout special examination, autoagglutinins are likely to occur in most cases 
of autohemolytic anemia, and conveisely the presence of autoagglutination in 
such cases may be so marked as to intciferc AAith the satisfactory in vitio demon- 
btiation of auto-hemolysins “ They also seal died the literature and found reports 
of 54 instances of autoagglutination in various diseases In many of these and in a 
number AAdiich I have obseived no evidence of hemolysis or of hemolytic anemia 
was present clinically 

I Avas not able to demonstiatc tlie presence of hemolysins m the serum of any 
of my patients One patient (case 2) had an autoagglutinin to her OAvn cells, 
type AB, and to all AB cells Eaily m the disease her seium did not agglutinate 
her fathei’s cells, Avhich Avere type O, but latei it did The serum of another 
patient (case 5) agglutinated hei oaa'ii cells and the cells of all other normal types 
Her father’s serum also agglutinated all noimal cell types but Avas not tested against 
his OAvn cells He Avas Avell and healthy and I have no explanation for the presence of 
an isoagglutimn in his blood The serum of the third patient (case 8) agglutinated 
Ins OAvn cells and all other normal type red cells, but I AA^as unable to demonstrate 
any hemolysins It is remarkable that in this instance the agglutinin disappeared 
in less than foi ty-eight hours after splenectomy Autoagglutinins Avere also present 
in a fourth patient (case 12) of my senes 

There is no convincing evidence at the present time that these antibodies are 
true immunologic antibodies nor are they normal human agglutinins since they 

24 Reisner, E H , Jr , and Kalkstein, M Autohemob'smic Anemia with Auto-Agglnti- 
nation Improvement After Splenectomy, Am J M Sc 203 313, 1942 
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frequently agglutinate type O cells They aie not demonstrable in every case of 
acquired hemolytic anemia, and they may be piesent in the seium of healthy peisons 
and in the seium of patients with a vaiiety of diseases unassociated with any type of 
hemolytic anemia One cannot dismiss them as of no importance in the genesis of 
acquired hemolytic anemia, yet their iiregulai appearance in the malady and then 
rapid disappeai ance after splenectomy in at least 1 of my patients lead me to favoi 
the belief that then piesence may be in some way determined by destruction of 
blood and erythi ostasis in the spleen and that these antibodies are, theiefore, not the 
causal factor in the disease nor the essential factor in the production of hemolysis 
Theoietic considerations unsupported by sufficient facts are not warranted at 
present, and one may hope that in the future this problem may be studied moie 
caiefully as the disease is lecognized moie frequently 

The fi agility of the red cells as tested with hypotonic saline solutions has been 
increased in a number of cases of acute acquired hemolytic anemia, although in the 
majority of instances it was normal In 3 of my cases and in the case observed by 
Moschcowitz the type of diminished resistance of the red cells was different 
from that I have seen m any othei disease In 1 of my cases hemolysis began at 
0 85 per cent and was complete at 0 26 per cent In another hemolysis began at 0 82 
per cent and was complete at 0 28 per cent In a third hemolysis began at 0 8 pei 
cent and was complete at 0 26 per cent In Moschcowitz’ case hemolysis began 
at 0 8 per cent and was complete at 0 19 per cent 

In ordei to explain, if possible, the wide difference m hypotonicity between 
beginning and complete hemolysis one might assume that the young led cells aie 
more resistant than normal and that the spheiocytes are more fi agile than normal 
cells I checked the sediment m the tubes m the fragility test by smeais in 1 case 
and found that the number of nucleated red cells was greatly increased m the moi e 
hypotonic solution Thus it is possible that in cases of this type the ciiculating 
blood contains led cells of increased fragility, as well as cells of diminished fi agility, 
with all intermediate degiees of osmotic resistance However, in many cases of 
acquired hemolytic icterus the osmotic fragility of the led cells has been noimal or 
but slightly increased even during a hemolytic ciisis, while in othei instances of 
the disease the sti iking alteration of the lesistance of the red cells to hypotonic saline 
solutions present in 4 of my cases has not been observed Thus it seems probable 
that 111 this disease the spherocytosis, the fragility of led cells and the degiee of 
hemolysis aie not so closely related as they aie in congenital hemolytic anemia, 
m which increased fragility is constantly piesent Furthermore, in acquiied hemo- 
lytic anemia I have seen the osmotic fi agility return to normal in a few days aftei 
splenectomy, while in the congenital type of the disease the increased fragility is 
little if at all reduced after removal of the spleen 

The theories concerning the i elation of spheroidicity of the red cells and 
inci eased osmotic fragility aie based chiefly on that relationship constantly present 
in congenital hemolytic anemia and apparently need levision if they are to apply to 
acquired hemolytic icterus, in which osmotic lesistance may be either normal or 
greatly reduced Thus in the latter disease the red cells are piobably injured by 
a hemolysin which does not make them more fragile than normal in hypotonic 
saline solutions in every instance 

Widal and Abrami ® expressed the belief that the hemolysin in acquired hemo- 
lytic icterus IS almost completely attached to the red cells Most of the complement 
111 the serum -would therefore be absorbed b} this antigen-antibody union Thus 
in vitro the serum would not be hemol}tic, since all of the antibody ivould be 
immediately fixed by its antigen and the complementary power of the serum ivould 
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have diminished oi would be absent since all of the complement would be fixed 
b)^ the antigen-antibody combination The led cells undei such conditions would 
be completely dissolved if the amount of complement was sufficient However, if 
the quantity of complement fixed by the antigen-antibody combination was too 
small, the red cells would show increased fragility Thus m the presence of red 
cells and hemolysin, if a quantity of complement loo small to produce hemolysis is 
added, the resistance of the led cells would be considerably diminished 

It is remarkable that in my cases and in the repoited examples of acquired 
Iiemolytic anemia the osmotic fragility of the led cells, the degree of spheroidicit}^ 
and the presence of autoantibodics oi isoantibodies in the serum m vitro do not 
correlate with the degiee of anemia or the lapidity of its development and any 
satisfactory theory of the genesis of acquiied hemolytic icteius must be able to 
explain these appaient inconsistencies 

The size of the individual oi of the average led cell was not detennined in my 
cases In geneial the smeais showed some changes fioin time to time, depending 
on the stage of the disease The acute phase was usually accompanied by marked 
evidences of inci eased regenerative activity, and many red cells in the circulation 
were larger than normal in contrast with the mici ospherocyles, which were 
constantly present in large mmbeis During tlie process of recoveiy from the 
disease or after a hemolytic crisis both macrocytes and spherocytes disappeared or 
diminished in number slowly as the blood returned to normal oi to a relatively 
quiescent phase of the disease I got the impression from study of smears that the 
average diameter of the red cells was about normal Macrocytes and spheiocytes 
were present in all cases, and it seemed of little impoitance whether one called the 
anemia spherocytic, maciocytic, pseudomacroc} tic, or normocytic with macrocytes 
and spherocytes If such a classification is to be used, and its value is doubtful, I 
should prefer the term “pesudomacrocytic” as used by Dameshek and Schwartz 
to designate the remarkable blood picture wdiich has been a constant feature of 
acquired hemolytic anemia whether of acute or chionic type 

PATHOGENESIS 

Many of the clinical and hematologic featuies of acquired hemolytic anemia 
may be present in certain infections, in many intoxications caused by chemicals and 
drugs, in anemia before and after paiturition and in the course of each of a number 
of maladies in wdiich hemol}tic crises may occur, such as sickle cell anemia, con- 
genital hemolytic anemia and chronic hemolytic anemia of unknowm cause How- 
ever, after every diagnostic possibility has been explored, there are a few' cases of 
acquired hemolytic anemia with strikingly similar clinical symptoms and hemato- 
logic findings for which no etiologic factoi can be found and wdiich cannot be 
classified m any other group of cases of hemolytic anemia In this group one may 
assume that the hemolytic agent is formed within the body by some unknown and 
probably endogenous mechanism There is always the probability that the 
acquired hemolytic anemia of this group may be further divided into diffeient types 
as new etiologic factoi s are discovered oi as new' types of endogeneous hemolysins 
may be determined 

Acquired hemolytic icterus is appaiently produced by the entrance into the 
blood stream of a hemolytic agent of unknowm type and of unknowm site of origin 
This hemolysin may be the same autoantibody to the i ed cells which is often demon- 
strable in the serum of a patient with the disease, but at present the evidence does 
not support that assumption, since the autoantibody is not constantly present in the 
disease However, its absence in vitro does not definitely exclude its possible 



MASON— HEMOLYTIC ANEMIA 


491 


presence in mio I believe, as I shall discuss later, that the autoantibody is the 
result and not the cause of the disease 

This hemol}i;ic agent, regardless of its nature or of its place of oiigin, appaiently 
does not damage the spleen, the liver or the bone mariow since postmortem 
examination has failed to show any changes in these organs which cannot be 
explained by the presence of excessive hemol 3 ’'sis and profound anemia In 
paiticular, I have not found aii}* evidence of infection or intoxication of exogenous 
origin or an} of the usual changes common to other known blood dyscrasias 

One may assume that the hemolytic agent damages the red cells only after they 
have entered the general circulation and that these damaged cells are not destroyed 
in the circulating blood, as they are in the various types of hemoglobinuria, although 
in the veiy acute, fulminating examples of tlie disease some hemoglobin may escape 
through the hepatohenal system to be excieted by the kidney Thus large numbers 
of red cells injured by the hemolysin become spherocytes but continue to circulate in 
the blood stieam In some instances these damaged red cells show increased osmotic 
fragility but in other cases they have normal osmotic resistance They eventually 
enter the spleen, vhere they aie held back by some process not known at present 
In the spleen the er} tin ostasis constant!}'- increases, and this together with the 
normal destructive action of the spleen, leads to increasing hemolysis of the 
red cells previously damaged in the circulating blood The spleen constantly 
enlarges from congestion, and evidences of the destruction of blood become intense 

Since there is no evidence of damage of the spleen in the disease, one may 
assume that some alteration of the led cells produces a change in their physical 
characteristics causing them to dam up in the spleen Certain facts are important in 
this respect The Ehrhch-Moi genroth phenomenon was present in a patient 
obseried b}’ Dameshek and Schvaitz^® Hyaline thiombi were present in the 
peripheral arterioles of a patient studied by Moschcowitz and have been observed 
in spleens removed at operation from other patients with the disease These 
hyaline thrombi are produced by local agglutination of led cells in the smaller 
vessels Thus a positive Ehrlich-Morgenroth phenomenon in this disease in which 
hemoglobinuria is a laie occurrence is, in my opinion, not proof that hemolysis in 
any considerable degree is talcing place in the peiipheral circulation If it were, 
hemoglobinuria would be a moie constant symptom It seems probable that in 
acquired hemol}1;ic anemia the red cells are injured in the blood stream, that if 
stasis IS produced agglutination takes place with considerable ease and that then 
a certain degree of hemolysis of the conglutinated red cells occurs in situ 
Erythrostasis in this disease is largely limited to the spleen, although a minimal 
amount of stasis, leading to intravasculai hemolysis and the formation of hyaline 
thrombi, may take place in the peripheral arterioles I am of the opinion that the 
er}'throstasis in the spleen, by whatever change in the physical characteristics of 
the red cells it may be produced, is of consideiable importance in the genesis of 
the disease There is also considerable clinical evidence that it may be the cause 
of the fonnation of the antibody and of the remarkable type of osmotic fragility 
encountered in the red cells of some patients 

The hemolytic agent in acquired hemolytic anemia apparently injures sus- 
ceptible red cells constantly but with vaiying degrees of intensity for a period 
It then may disappear spontaneously, and the patient may recover completely 
Thus a patient in an acute hemolytic crisis may recover without treatment or with 
only one or a very few small transfusions This outcome has been reported 
especially frequently in those very young patients whose records have been pub- 
lished as those of Ledeiei’s anemia The hematologic data on many of these 
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patients have been incomplete, but m a number the alteiations of the blood have 
been identical with those found in acquired hemolytic anemia Furtheimoie, a 
number of these patients have recoveied onl} after splenectomy In contiast 
to my cases, however, the number of cuies m the reported cases of Ledeier’s 
anemia has been so high that I suspect either that it may be a different type of 
hemolytic anemia, or that, more probably, some other factor is present to explain 
the discrepancy Careful study of the cases lepoited by Ledeier and other 
observeis has convinced me that the disease is identical with acute acquiied 
hemolytic anemia, although it is lather remaikable that the earliei references to the 
latter disease were not mentioned Since Lederei’s anemia was believed to be 
Clued in every instance by transfusions and since each authoi reported one or at 
most a few instances of the disease it is possible that those patients who died and 
those patients whose hemolytic anemia iccuired or became chionic were not 
reported as having the disease described by Lederer At least m my experience 
the patient with acute acquired hemolytic anemia of unkno^^n cause and with the 
chaiacteristic changes of the blood which I have described is often not cured by 
either tiansfusions or splenectomy but instead has the disease in a chronic form 
after an apparently acute onset The seventy and the duration of the disease 
certainly vary greatly In some instances a single small transfusion will pioduce 
a cuie, m others splenectomy is necessary to save the patient’s life, although it 
may not lead to a permanent cure One patient lepoited by Widal and Abiami ® 
had a spontaneous cure after having had hemolytic crises foi twelve yeais 

The presence of increased osmotic fragility of the led cells together with 
jaundice and splenomegaly in acquired hemolytic anemia has doubtless occasioned 
confusion of this disease with the hemolytic crises of congenital hemolytic icterus 
This error may be avoided by accuiate obsen^ation of the close relatives of the 
patient and by careful morphologic study of the blood In my experience acute 
hemolytic crises of the severity seen in acute or chronic acquired hemolytic 
anemia are lare in congenital hemolytic icterus Furthermore, inci eased osmotic 
fragility is constantly present in the congenital type of the disease but was 
obsen'^ed in less than half of my patients wnth acquired hemolytic anemia How- 
ever, increased osmotic fragility of the led cells is not proof that the disease in 
question is congenital hemolytic ictei us as is iisuallv stated in textbooks and m the 
hematologic literature 

The ultimate outcome of the disease is extiemel) variable Theie is a group 
of patients with the acute type of the disease who aie cured bv tiansfusions oi by 
splenectomy or may even show spontaneous healing In a laige number of 
patients who survive the acute phase of the disease the illness thereafter runs a 
chronic course interrupted by hemolytic crises of variable intensity At any stage 
the disease may apparently heal spontaneously or it may be improved by splenec- 
tomy However, I have seen several patients m whom splenectomy proved to be 
of no value Other patients in whom the disease takes a chronic course present 
jaundice, anemia and fiequent hemolytic crises Some of these die of the anemia 
or of mtercurrent infections Some apparently die of a combination of anemia and 
hepatic insufficiency with marked fibrosis of the liver. Such patients wdiom I 
have seen have pigment stones in the gallbladder, in the common duct and in the 
hepatic ducts and also, frequently, innumeiable small putty-hke pigment stones in 
the intrahepatic biliary ducts Thus acquired hemolytic anemia with constant 
jaundice eventually becomes complicated by obstructive jaundice and by fibrosis of 
the liver with increased portal pressuie 
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SUMMARY AND CONCLUSIONS 

I have repoited a senes of cases of acute oi chionic hemolytic anemia of the 
acquired type chaiacteiized by moie oi less lapid destiuction of erythiocytes 
Splenomegaly is constant, and it is piobable that the destiuction of blood occurs 
chiefly in the spleen Theie is a pseudomaci ocytic blood pictuie, usually ivith a 
high coloi index Laige numbers of macrocytes and miciospheiocytes are present 
111 the blood film dining the hemolytic ciises in the acute type of the disease oi 
constantly m the chionic t3^pe of the disease The red cells may show extreme 
osmotic fi agility, oi they may be noimally lesistant to hypotonic saline solutions 
This abnoimahty is not related to the numbei of spheiocytes in the circulating 
blood 

The blood maj^ oi may not contain autoagglutinms oi autohemolysms 
The disease is neithei heieditaiy noi congenital, and no etiologic factoi has 
been determined m any of the repoited cases 

The acute type of the disease has been repoited as Lederei’s anemia Sub- 
acute and chionic types aie piobably moie fiequent than is commonly believed 
The disease may heal spontaneously, or it may be cuied by tiansfusions or by 
splenectomy The moie chionic types of the disease may or may not be cured 
b}^ removal of the spleen Dining the serious hemolytic crisis often seen m the 
disease removal of the spleen may be life saving even if it does not lead to complete 
cure 



THERAPEUTIC OBSERVATIONS IN CUSI-IING’S SYNDROME 


EFFECT OF VARIOUS AGENTS ON CALCIUM, PHOSPHORUS AND NITROGEN 
EXCRETION IN A PATIENT WITH PITUITARY BASOPHILISM 

WILLIAM H PERLOFF, MD 
EDWARD ROSE, Ivl D 

AND 

r WILLIAM SUNDERMAN, MD, PhD 
run ADELPIIIA 

Skeletal decalcification has been lecognized as a chaiactenstic feature of pituitaiy 
basophilism since the s)ndrome was first described by Cushing, in 1932^ Such 
decalcification occuis hkevise in those forms of Cushing's S 3 mdrome in vhich 
h 3 ^peiplasia oi tumoi of the adienal cortexes, lather than basophilic adenoma of the 
anterioi lobe of the pituitaiy, is the dominant endocrine lesion The deminerali- 
zation of bone may be widespread but occuis chiefly in the skull, spine and pelvis 
It ma 3 '^ be so severe as to result in spontaneous or pathologic fractures, among 
which compiession fiactures of the veitebrae are common Despite the long- 
lecognized piominence of such skeletal demineralization, there have been com- 
parativel 3 '- few effoits to study the pathologic physiology’’ of the process 

Fie 3 ’beig and Giant - in 1936 reported detailed obseiwations on a patient vith 
a verified basophilic adenoma of the pituitary on whom studies of calcium, phos- 
phoius and nitiogen metabolism w’eic made undei varying conditions of diet and 
medication They’’ leviewed the pievious rather scant and mconclusne studies on 
calcium and phosphoius metabolism in Cushing’s disease They concluded from 
the study of their own case that despite the need for calcium and phosphoius these 
substances wei e not adequately absorbed They fin ther obsen ed that large amounts 
of vitamin D, up to 200,000 U S P units daily, did not facilitate the absorption 
of calcium and phosphoius but that calcium injected inti ai enously’’ w'as apparently 
retained They" found no cMdcnce to suggest that the pai ath3'’roids plaj^ed any 
pait in the piocess of dcmmei ahzation and concluded that a complete under- 
standing of the mechanism must aw'ait furthei study 

Bauer and Aub ^ reviewed the rathei conflicting cxpeumental evidence i elating 
to the effect of the pituitaiy" on calcium and phosphorus metabolism They" referred 
to a patient w"ith Cushing’s disease w"ho w"as m distinctly" negative calcium balance 
while on a low intake of calcium Aftei successful irradiation theiapy", w’lth sub- 
sidence of the sy"ndrome, the degi ee of negativity of the calcium balance w"as greatly 
1 educed No striking abnormality" m phosphoius balance was noted eithei before 
or after tieatment 

From the William Peppei Laboratori" of Clinical Medicine, Unnersity of Pennsylvania, 
and the Endocrine Section of the Medical Clinic, Hospital of the University of Pennsjlvania 

1 Cushing, H Basophile Adenomas, J Nerv & Ment Dis 76 SO Qub") 1932 

2 Freyberg, R H , and Grant, R L Calcium and Phosphorus Metabolism m a Verified 
Case of Pituitary Basophilism, Arch Int Med 58 213 (Aug) 1936 

3 Bauer, W , and Aub, J C Studies of Calcium and Phosphorus Metabolism Influence 
of Pituitary Gland, J Clin Investigation 20 295 (May) 1941 
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In 1941 Albiight and his associates^ advanced the theoiy that many of the 
piominent featuies of Cushing’s syndrome can he explained hy assuming a hyper- 
function of the adienal coitex leading to increased gluconeogenesis from piotem 
This, they felt, could explain not only the diabetes but the muscular weakness, 
capillaiy fi agility, cutaneous changes and osteoporosis, all of the latter being the 
lesult of a deci eased supply of the protein necessary to the noimal components of 
muscle, capillaiy walls, skin and the osteoid oi bony matiix on which the mineral 
elements of hone aie deposited This theoiy would lead to the infeience that the 
demmei ahzation of bone in Cushing’s syndiome is the result of an inadequate tissue 
framewoik foi the deposition of calcium and phosphorus compounds rather than 
of an inci eased active withdiawal of calcium and phosphoius fiom the bones, such 
as occuis, foi instance, in hypeipaiathyroidism Albiight and his associates 
included in then lepoit the effect of estrogen, progesterone and testosteione 
propionate on calcium, phosphoius and nitrogen balance m their patients with 
Cushing’s disease One of then patients was in positive calcium balance and 1 
m appioximate calcium equilibnum befoie treatment was begun One patient was 
111 negative phosphorus balance and 1 in approximate phosphorus equilibrium before 
tieatment The administration of estiogen was followed by a tempoiary negative 
calcium balance due to inci eased fecal loss of calcium m at least 1 patient 
Testosteione piopionate produced retention of calcium with sharp reduction m 
uiinaiy calcium, m 2 patients There was likewise retention of phosphorus and 
nitiogen following testosteione theiapy Geneial clinical impiovement was reported 
to have followed the development of positive nitiogen and phosphorus balances in 
all of then patients 

In 1941 we encounteied a patient with the classic pictuie of Cushing’s syndrome 
on whom it was possible to make prolonged metabolic studies Such studies were 
made at intervals from Februaiy 1941 until April 1942 with the following purposes 
in mind (1) to observe the effects of vaiying calcium-phosphoi us ratios in the 
diet and of various combinations of therapeutic agents on the excietion of calcium, 
phosphoius and nitrogen, (2) to determine the effect of such dietary and thera- 
peutic combinations on the serum concentrations of calcium, inorganic phosphorus 
and protein and the activity of phosphatase m the serum, and (3) to observe the 
effect of such treatment on the patient’s symptoms and clinical couise 

The theiapeutic agents employed included estrogens given orally and par- 
enteially, testosteione propionate by intiamusculai injection, calcium and laige 
doses of calciferol (vitamin Do) These substances were administered m vaiying 
combinations 

REPORT OF A CASE 

Miss G S , a school teacher aged 30 years, was referred to the Hospital of the Univer- 
sity of Pennsylvania Feb 18, 1941, by Dr Chalmers Montgomery, of Altoona, Pa Her chief 
complaint was pain m the back of seven weeks’ duration Her past medical history had 
been entirely irrelevant until the age of 26 At that time (May 1937) her menses, which 
previously had been normal and regular since their onset, at the age of 13 years, became 
increasingly scant and irregular They finally ceased altogether in May 1938 At about the 
same time she gained 10 pounds (4 5 Kg), which was deposited chiefly about the face, hips 
and abdomen Increasing facial hirsutism appeared, with acneform lesions on the face, neck and 
back In the summer of 1937 ecchymotic areas began to appear on the legs without trauma, 
and these had continued to recur until the time of her admission to the hospital Episodes 
of renal colic with the passage of calculi occurred, one in the autumn of 1938, one in Alarch 
1939 and one in June and July 1940 Hypertension of varying degree had been noted since 
June 1939 In the summer of 1940 transitory swelling, ledness and burning of both legs 

4 Albright, F , Parson, W , and Bloomer, E Cushing’s Syndrome, Interpreted as 
Hyperadreno-Corticism Leading to Hypergluconeogenesis Results of Treatment with Testos- 
terone Propionate, J Clin Endocrinol 1 375 (May) 1941 



496 


ARCHIVES OF INTERNAL MEDICINE 


occurred This was followed b}" polyd 3 psia and polyuria, and sugar A\as found in the urine 
in August 1940 Since that time her diet had been restricted in carboh 3 'drate content, and 
she had received regulai doses of insulin She had noted progressive muscular weakness, 
dryness and thinning of the skin and two episodes of transitoiy pain and stiffness in the hips 
She had been obliged to stop teaching m the summer of 1940 and had become increasingly 
depiessed and anxious about her condition Between October and December 1939 she received 
418 roentgens (r) of irradiation to the right temporal region and 424 r to the left temporal 
region Seven weeks before her first admission to the hospital she had suffered a sharp 
lumbar pain while attempting to open a window, and since that time she had been increas- 
ingly disabled by backache and muscular weakness, so that she was scarcely able to walk or 
sit erect when she entered the hospital Ph 3 ’sical examination showed rather pronounced 



Fig 1 — A, the patient as she appeared before treatment, B, the face of the patient, 
showing hirsutism following the prolonged use of testosterone 


facial hirsuties and extensive acne, involving the face, neck and upper pait of the back 
The complexion was ruddy, and the skin was thin and parchment-likc, with numerous 
purplish red striae over the thighs and the low'cr part of the abdomen (fig 1 A) Ecchymoscs 
in varying stages of absorption w'cre present over the legs There w'as slight edema of the 
ankles The patient was not obese, w'eighing 120 pounds (54 4 Kg ) and being 5 feet 1 inch 
(155 cm) in height How'ever, relaxation of the abdominal muscles gave a false impression 
of abdominal obesity The breasts were atrophic Pelvic examination show'ed some vulvar 
irritation and a small uterus The blood pressure varied from 180 to 190 systolic and from 
110 to 115 diastolic Further studies revealed the followung The basal metabolic rate was 
— 18 per cent, the cholesterol content of the serum w'as 312 mg per hundred cubic centi- 
meters, the inorganic phosphorus content 3 1 mg and the calcium content 10 3 mg The fasting 
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blood sugai le\el was 107 mg pei hundred cubic centimeters and the urea nitrogen content 
10 mg The serum magnesium content was 2 milhequivalents per liter The urinary excre- 
tion of 17-keto steroids was within normal limits (13 mg m twenty-four hours) The protein 
content of tlie serum was 5 2 Gm per hundred cubic centimeters , the serum phosphatase 
activity, 4 6 Bodansky units, the carbon dioxide-combining power, 69 volumes per cent, total 
base, 146 9 milhequivalents per liter, and chloride, 101 milhequivalents per liter The hemo- 
globin content was 17 3 Gm per hundred cubic centimeters There were 5,660,000 red blood 
cells, 15,000 white blood cells and 331,000 platelets per cubic millimeter The prothrombin 
time and the fragility of the red cells were normal The volume of serum was 43 3 cc per 
kilogram of body weight, w'hicli is within the normal range of values for serum volume in 
this laboratory (normal 40 to 46 cc per kilogram) The urinalyses showed intermittent 
glycosuiia, and the tolerance for dextrose w’as definitely impaired, the blood sugar reaching 
315 mg per hundred cubic centimeters one hour after the first administration of dextrose 
(tw'O dose method of Exton and Rose) (table 1) Roentgen examination of the skeleton 
show'ed marked demineralization involving the skull, parts of the cervical, thoracic and 
lumbar poitions of the spine, the pelvis and the ribs Old fractures of several ribs and of 
several thoracic and lumbar vertebrae and fractures of the pubic and ischial rami were noted 
There w^as no evidence of enlargement of the sella turcica The visual fields were full, and 
the ocular fundi show’ed only some arterial constriction Intravenous urograms revealed 
functioning kidneys without evidence of deformity or of calculus formation Examination of 
the adrenal areas followung perinephric injection of air was first leported by the roentgen- 
ologist, Dr E P Pendergrass, to show a shadow suggestive of enlargement of the right 
adrenal A subsequent examination led, however, to some qualification of the original opinion, 
and it was finallj'' concluded that a definite roentgen diagnosis of adrenal enlargement could 

Table 1 — Results of Dc'iftosc Tolerance Tests 


Blood Sugar, Mg per 100 Cc 

JL_ 


Date 

Fasting 

One Half Hour 

One Hour 

3/0/41 

130 

231 

316 

5/23/41 

70 

212 

240 

10/24/41 

79 

130 

190 

4/8/42 

116 

108 

218 


not be made Roentgenograms of the chest showed no evidence of substernal enlargement of 
the thyroid or thymus The cardiac shadow was slightly increased in size, and the electro- 
cardiogram show ed left axis deviation The patient, in short, presented an almost classic picture 
of Cushing’s syndrome with the sole exception that she lacked somewhat the characteristic 
“buffalo type’’ of obesity about the shoulders and upper part of the trunk Demineralization 
of the skeleton w^as unusually extensive and severe, and the changes in the skin were striking 
Because of the questionable findings in the region of the right adrenal following perinephric 
injections of air and roentgen examination, it was felt that surgical exploration of the 
adrenals was indicated The patient was therefore operated on by Dr E L Eliason on 
May 28, 1941, after a period of study from March 13 to May 24 (table 2) The left adrenal 
was explored through a posterior incision and was found to be grossly normal An anterior 
incision of the right side was then made, through which the right adrenal, the ovaries and 
the uterus were explored These oigans were all normal, although the right adrenal was 
slightly larger than the left Biopsy sections were taken from both adrenals but showed 
only normal structure 

The patient was given a measured diet of known calcium, phosphorus and nitrogen con- 
tent, which was maintained without variation during the various phases of study All urine 
and feces were collected and separately pooled in,to three day lots The limits of each three 
day period of collection of feces w'ere marked by the appearance of carmine in the stool 
The concentrations of calcium, inorganic phosphorus and protein in the serum were measured 
at intervals which varied according to the nature of the therapeutic agents employed The 
methods used for the determination of protein in the serum and of calcium and inorganic 
phosphorus in the serum, feces and urine were identical wuth those referred to in a previous 
communication ® The nitrogen content of the diet, urine and feces was determined by the 

5 Rose, E , Perloff, W H , and Sunderman, F W The Effect of Low Calcium Diet 
and Calciferol (Vitamin D») on Calcium and Phosphorus Metabolism Studies on Two 
Parathyreopnvic Patients and One “Normal” Subject, Am J M Sc 202 691 (Nov) 1941 
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Kjeldahl method Hashed samples of the daily diet were prepared and analyzed for total 
calcium, phosphoius and mtiogen content The daily diet was found to contain 156 mg 
of calcium, 800 mg of phosphorus and 10 69 Gm of nitrogen All rejected food was weighed, 
and the calculated loss in calcium, phosphorus and nitrogen content was deducted from the 
daily intake Deficiencies in intake of calcium were compensated for, when desired, by the addi- 
tion of weighed amounts of calcium lactate 


Between March 13, 1941 and April 2, 1942, studies were made during four separate 
admissions to the hospital The significant data relating to the time and duration of the 
periods of study, the therapy and the dietary intake of calcium, phosphorus and nitrogen 
arc shown in table 2 On each admission to the hospital the collections of urine and feces 
w'ere not begun until at least six days after the institution of the measured diet Changes in 
the concentration of calcium, inorganic phosphorus and protein in the serum and the excretion 
of calcium, phosphoius and nitrogen in the uiine and feces aie shown in figures 2 and 3 
The significant data in these figuies may be summarized as follow^s 
Sci uvi Calnum The calcium content of the serum remained wuthm normal limits through- 
The initial level w as near the lower limit of normal (9 4 mg per hundred cubic centi- 
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Fig 2 — Data on metabolic studies 


meters) Slight rises in the serum calcium w'ere observed following the ingestion of 1 Gm 
of calcium per day, the intravenous injection of calcium gluconate and large oral doses of 
vitamin D: After the prolonged administration of calcium, vitamin Da and testosterone pro- 
pionate, the calcium concentration of the serum reached its highest level, of 10 7 mg per 
hundred cubic centimeters It should be noted, however, that the serum protein concentration 
was also increased at this time 

Serum Inorganic Phosphoius — There was a moderate rise in the level of inorganic phos- 
phorus in the serum following the intravenous administration of calcium and a slight rise 
which began after the administration of testosterone propionate and continued after use of 
large doses of vitamin Ds was begun 

Excietion oj Calcium (fig 2) — When the intake of calcium per three day period was 
3 Gm and that of phosphorus was 2 4 Gm , the patient was in approximate calcium equi- 
librium When the intake was reduced to 0 48 Gm per three day period, a negative calcium 
balance developed, the output m the urine alone exceeding the intake When approximately 
3 Gm of calcium, three quarters of which was administered intravenously, w^as given per 
three day period, the patient retained calcium to a moderate degree despite a sharp rise in 
urinary excretion of calcium The administration of large daily doses of estradiol benzoate 
was not accompanied wuth any significant change in the pattern of calcium excretion, tw’o 
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phases of retention being separated by a brief inteival ot loss During three of the five 
periods, in which laige doses of testosterone were given, there was a significant loss of 
calcium, chiefly in the feces During these three periods the amount of calcium lost through 
fecal excretion equaled or exceeded the amount ingested The administration of large doses 
of vitamin Ds was followed promptly by a pronounced retention of calcium, which was 
reflected in a decrease in both urinary and fecal excretion After one hundred and twenty- 
three days of therapy with testosterone propionate, calcium gluconate and vitamin D- com- 
bined, there was retention of calcium m two of the thice periods of study No significant 
change occurred in calcium balance following the further administration of calcium gluconate 
and vitamin Di without testosterone Following the administration of diethylstilbcstrol, calcium 
gluconate and vitamin D; there was a negatne calcium balance in three of the four periods 
of study 

Excictwn of Phosphoius — The patient remained in positne phosphorus balance throughout 
the course of our studies except in the final period, following administration of diethylstilb- 
estrol There was a slight trend towaid increased retention following the administration of 
testosterone, w'hich was maintained dining the admiiiistiation of large doses of iitamin D= 
Following prolonged therapy w-ith testosterone, calcium gluconate and vitamin D;, the degree 
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Fig 3 — Data on metabolic studies 


of phosphorus retention was no greater than it had been without any therapy After the 
withdrawal of testosterone, how'ever, there w'as a slight increase in excretion of phosphorus, 
wdnch occurred chiefly in the urine After the prolonged administration of diethylstilbcstrol 
orally, the excretion of phosphorus reached its peak, this increase occurred m the feces 
Everetton of Nttrogeii (Fig 3) — Fecal excretion of nitrogen varied betw’een 2 and 4 Gm 
per period The significant variations in excretion w'erc therefore chiefly in the urine Before 
therapy was begun, the patient w'as m positive nitrogen balance, although the degree of 
retention decreased progressively The administration of estradiol benzoate w'as followed by' 
a progressive increase in retention of nitrogen except for one isolated period of increased 
excretion toward the end of the estradiol therapy A somewhat similar increase in retention 
of nitrogen follow'ed the administration of testosterone, but this became less marked when 
large doses of vitamin Ds were given After prolonged therapy wuth testosterone, calcium 
gluconate and vitamin Da, there was only slight or moderate retention of nitrogen After the 
withdrawal of testosterone there was consistent slight loss of nitrogen After the adminis- 
tration of diethylstilbcstrol, nitrogen w'as retained 

Weight — The patient’s w'eight varied from 107 to 122 pounds (48 5 to 55 3 Kg) Minor 
variations occurred without obvious cause, but m general the weight tended to vary inversely 
with the loss of nitrogen 
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Phosphatase activity in the serum increased from 4 6 to 8 Bodansky units after the com- 
pletion of the fiist fi\e periods of testosterone therapy and while the patient was receiving 
large doses of vitamin D^, in May 1941 At this time, the concentration of calcium in the 
serum was highei than before treatment was started and nitrogen retained amounted to about 
7 Gm per period The tolerance for dextrose showed a definite improvement after the pro- 
longed treatment w'lth testosterone propionate, calcium gluconate and vitamin Do (see table 1, 
10/24/41) The dextiose tolerance curve, liow'cver, subsequently returned tow^ard the original 
level The concentration of protein in the serum rose from a low^ level of 5 Gm per hun- 
dred cubic centimeters before treatment to 5 8 Gm after the first five periods of testosterone 
therapy and subsequentlj to 6 9 Gm after prolonged treatment w ith testosterone propionate, 
calcium gluconate and vitamin D; The values thereafter lemamed within normal limits 

COMMENT 

Ceitain stnking objectne and subjective changes occurred during the course 
of our patient’s treatment The subjective changes included a definite inciease m 
muscular strength and impiovement in the backache following the piolonged period 
(one hundred and twenty-tin ee da 3 '-s) (see table 2) of treatment with calcium 
gluconate, t itainin Do and testosterone At the same time there was noted 
deepening of the voice, enlargement of the clitoris and maiked increase in the facial 
acne and hirsutism (fig IB) The hirsutism deci eased when use of testosterone 
was stopped The objectne changes noted aftei prolonged testosteione therapy 
included amelioration of the diabetes with improvement in the tolerance foi 
dextiose (table 1, Oct 24, 1941) and some recalcification of the spine and increase 
m the urinar}^ excretion of 17-keto steroids to 25 mg per twenty-four houis 

Other definite objective changes may be listed as follows (1) loss of calcium, 
chiefly through the urine, when the calcium intake was low, (2) ability to retain 
intravenously administered calcium, (3) retention of calcium and increased 
retention of phosphorus following laige doses of vitamin D,, (4) retention of 
nitiogen duiing and after the fiist phase of testosterone therapy, whereas less 
marked retention of nitrogen was noted followniig its continued use for a period 
of one hundred and tw^enty-three days, and (5) negative calcium balance, inciease 
111 fecal phosphoius and retention of nitiogen aftei the admimstiation of diethyl- 
stilbestrol 

The striking improvement in muscular powei, the i ecalcification of the spine 
and the apparent amelioration of the diabetes which followed prolonged testosteione 
therapy, as well as the letention of nitiogen which followed the first brief phase 
(fifteen days) of testosterone therapy confirm the observations regarding the 
beneficial efifect of such treatment leported by Albright and his associates^ The 
increase in hirsutism and acne, the deepening of the voice and the enlargement 
of the clitoris wduch also followed this treatment must not be forgotten, however 
Our observations do not agree with those of Albiight and his associates m the 
following respects (1) Our patient was not m negative nitrogen or calcium 
balance before treatment w^as started, and (2) the letention of nitrogen and 
phosphorus which followed prolonged testosteione theiapy was far from striking 
and was, in fact, no greater than the leteiition of these substances noted on several 
occasions before use of testosterone was begun 

Our obseivations agree with those of Fieyberg and Grant in that our patient 
was able to retain intiavenously injected calcium Contrary to their findings, 
howevei, oui patient was able to absoib calcium and phosphorus even wdien the 
calcium-phosphorus latio in the diet was low Furthermore, our patient, unlike 
theirs, showed a marked retention of calcium and phosphorus followung the 
administration of laige doses of vitamin Ds 

Adequate data pertaining to calcium, phosphorus and nitrogen metabolism have 
been reported m only a few cases of Cushing’s syndrome Discrepancies between 
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observations of various nwestigatois cannot >et, theiefoie, be subjected to statistical 
analysis An explanation of these discrepancies might he m the possibility that 
the metabolic abei rations associated with the disease may not maintain a constant 
plateau of intensity If, for example, the intensity of the basophilic pituitaiy or 
adienal cortical dysfunction could be assumed to vary spontaneously from time 
to time, it might logically be mferied that variations m nitiogen, calcium and 
phosphorus balance would result, as well as variations in the seventy of the diabetes 
The ability to retain calcium, phosphorus and nitiogen as an effect of vaiious forms 
of theiapy might therefore vary considerabty depending on the stage of the disease 
111 which such phenomena were studied This possibility is supported, to some 
extent, by the spontaneously changing trend m nitiogen excietion obser\ed m our 
patient before tieatment was begun (see fig 2) and by the difference m calcium, 
phosphoius and nitrogen balance observed m the cases of Fieyberg and Grant 
and of Albright and his associates undei similai ciicumstances 

The histoi}' of the passage of leiial calculi by our patient on foui occasions 
between the autumn of 1938 and the summer of 1940 suggests that dm mg this 
peiiod she may have been excreting i datively laige amounts of calcium and 
phosphorus m the mine Diversion of ingested calcium and phosphoius or vith- 
diaval of these substances fiom hei skeleton may have occurred to a gieatei 
degree dm mg this time than when she came under om obseriation 

Finally, some speculation may be permissible regarding the nature of skeletal 
decalcification m Cushing’s syndrome 

The following possible mechanisms require examination 

1 Increased withdiawal of calcium and phosphoius from the bones This 
might occur as the lesult of (o) paiathyioid hyperfunction eithei lesultmg from 
pituitary stimulation oi secondaiy to a renal lesion, (b) direct action of the 
pituitar), as postulated by Bauei and Aub m acromegaly,^ or (c) hyperthyroidism 
No evidence of piimaiy or secondary hypcrparathyi oidism m Cushing’s syndiome 
is available The possibility of some diiect efiect of pitmtar} or adrenal cortical 
action on the calcium and phosphoi us content of the skeleton m Cushing's syndrome 
can neither be proved nor dispioved at piesent Plyperthyi oidism is not a feature 
of Cushing’s syndiome and was not present m our patient 

2 Increased uimary excretion of calcium as the result of an intrinsic lenal 
lesion ® or acidosis " No evidence of either of these conditions has been reported 
to date m Cushing’s syndrome 

3 Inadequate absorption of calcium and/or phosphoius lesulting eithei from 
an insufficient dietary supply oi a lack of vitamin D oi fiom some defect in the 
mechanism of intestinal absorption The obseiwations of Frej'beig and Grant aie 
the only ones we have been able to find which suggest inadequate absorption of 
calcium and phosphorus Our own observations certainly do not confirm this 
Our patient’s diet was not deficient m calcium, phosphorus oi vitamin D pnoi to 
hei admission to the hospital 

4 The demineralization might be similar to that described as occurring after 
the menopause,® since amenorrhea usually occurs early m Cushing’s syndiome The 

6 Albright, F , Consolazio, W V , Coombs, F S , Sulkowitch, H W , and Talbott, 

J H Metabolic Studies and Therapy m Case of Nephrocalcinosis with Rickets and Dwarf- 
ism, Bull Johns Hopkins Hosp 66 7 (Jan ) 1940 

7 Atchley, D N , Loeb, R F , Richards, D W, Ji , Benedict, E M, and Driscoll, 
M C On Diabetic Acidosis Detailed Study of Electrolyte Balances Following With- 
drawal and Re-Establishment of Insulin Therapy, J Clin Investigation 12 297 (March) 1933 

8 Albright, F , Smith, R H , and Richardson, A M Postmenopausal Osteoporosis 
Its Clinical Features, JAMA 116 2465 (May 31) 1941 
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histoiy of uiinaiy hthiasis in oui patient is reminiscent of similar transitory periods 
of foimation of lenal calculi in the eailiei phases of so-called menopausal osteo- 
poi osis Hon evei , oui patient failed to retain calcium consistently while receiving 
laige doses of estiadiol benzoate and was actually m negative calcium balance with 
an inci eased fecal excietion of phosphorus after the prolonged oral administration 
of dieth 3 dstilbestiol Fuitheimoie, to i elate the demineralization of Cushing’s 
s) ndi ome to that of the menopause is simply to label it without explaining it, since 
the basic mechanism of so-called menopausal osteoporosis is not yet undei stood 

5 Inability to lay down calcium and phosphorus compounds m the skeleton 
because ot a defect m osteoid fiamewoik oi matrix This is the explanation sug- 
gested by Albright and his associates ^ It assumes a deficient supply of protein 
foi the foimation of noimal matrix because of abnormal diversion of piotein for 
gluconeogenesis This explanation implies that the bony defect is an osteoporosis 
lathei than an osteomalacia ° Some suppoit for this theory is contained in the 
studies 1 epoi ted by Albi ight and his associates ^ and is likewise offei ed by the 
subjectne impiovement and vertebral i ecalcification observed m oui patient fol- 
lowing the admmisti ation ot testosterone and the failure of such impiovement to 
pi ogress aftei the withdrawal of this substance 

On the othei hand, the following observations noted m our case aigue some- 
what against this tlieoiy 

(a) Our patient w^as not m negative mtiogen or phosphorus balance prioi to 
the beginning of treatment, although she was diabetic 

(b) Retention of neither mtiogen nor calcium was marked aftei prolonged 
ti eatment with testostei one, calcium and vitamin Do 

(c) Our patient w'as able to letain intravenously injected calcium without 
sti iking change in mtiogen balance She also retained calcium after laige doses 
of vitamin Do at a time wdien retention of nitrogen was declining The fact that 
the seium calcium did not increase significantly during either of these phases sug- 
gests that the letamed calcium may have been deposited, at least temporal ily, m 
the bones 

If this theory is coirect, one w^ould expect to find osteoporosis m a variety of 
conditions when theie is too little piotein available foi the formation of bony 
matrix These would include chronic deprivation of protein, conditions asso- 
ciated with chronic loss of nitrogen, such as prolonged fevers and hyperthyi oidism, 
and disorders in which prolonged hypoproteinemia exists, such as nephrosis and 
chronic hepatic disease We have been able to find little evidence relating protein 
deprivation to osteoporosis Malan reported the production of atrophy of bone 
and osteoporosis in pigs by diets low in protein He commented on the paucity 
of experimental data regarding the effect on skeletal structure of diets deficient m 
organic components 

Conner, Kao and Sheiman “ studied the effect of varying proportions of dietary 
protein and calcium on the body and skeletal growth and the total body calcium 
content of rats They concluded that there was no consistent evidence that the 
increased gam in body weight which resulted from the higher levels of protein m 

9 Albright, F , Bloomberg, E , and Smith, P H Postmenopausal Osteoporosis, Tr A 
Am Physicians 55 298, 1940 

10 Malan, A L Diet and Osteomalacic Diseases in Domestic Animals, South African 
M J 14 261 (July) 1940 

11 Conner, R T , Kao, H C, and Sherman, H C Further Studies on Relationship of 
Plane of Protein Intake to Rate of Normal Calcification During Growth, J Biol Chem. 
138 835 (June) 1941 
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the diet had any acceleiatmg effect on skeletal development as leflected in the 
percentage of body calcium Rhoads and Kasinskas found that callus formation 
after experimental fractuie was delayed m dogs rendeied hypoprotememic by low 
protein diets and plasmapheresis However, they did not repoit serum calcium 
values for their animals Prolonged protein deprivation m the adult as seen clinically 
is not associated with osteoporosis Of the conditions associated with prolonged 
loss of nitrogen, hypeilhyioidism and possibly aciomegaly aie the only ones m 
which osteoporosis oi decalcification occuis with significant frequenc}', and in 
these diseases there may well be other factors lesponsible The hypoprotememia of 
chronic nephrosis does not seem to produce skeletal decalcification It is tiue that 
hepatic disease and chronic gastrointestinal disordeis have been leported m asso- 
ciation with seveie skeletal changes, but the pathologic physiolog)' in these con- 
ditions IS so complex that piotein deficiency alone can scaicely be blamed with 
reason 

The possibility exists that the skeletal decalcification m Cushing’s disease may 
be associated with some chronic impairment of hepatic function, although symptoms 
of disease of the livei are not characteristic of the syndiome Studies of hepatic 
function m pituitary basophilism have not been reported Although the protein 
level of the seium was low in oui patient at times, a recent test of her hepatic 
function by the bromsulphalein method was normal 

It seems reasonable to conclude that the Iheoiy of protein deficiency as the 
basis of the osteoporosis of Cushing’s disease still lacks proof, although some 
evidence m its favor exists 

SUMMARY 

The case of a 30 year old woman with pituitary basophilism in whom skeletal 
changes were particularly striking and in whom the diagnosis was reached b) 
exclusion is reported Studies of the concentration of calcium, phosphorus, pi otem 
and phosphatase in the scrum, the dextrose tolerance and the excietion of calcium, 
phosphorus and nitrogen before and aflei the use of various therapeutic agents and 
with diets of varying calcium content are reported The therapeutic agents 
employed included estiadiol benzoate, testosterone piopionate, vitamin Dj, calcium 
gluconate and lactate and dieth)lstilbestiol, in var}^ing combinations Subjective 
and objective responses to treatment aie described, and our observations aie 
compared with those in similai studies leported by others The possibility is 
mentioned that spontaneous variations in the intensity of the vaiious metabolic 
aberrations in Cushing’s syndrome may explain some of the disci epancies m the 
studies reported to date Several possible explanations of the skeletal decalcification 
characteristic of the syndrome are briefly considered It is concluded that no 
completely satisfactory explanation of the skeletal demineralization m Cushing s 
disease is yet available 

ADDENDUM 

Further irradiation therapy was given to the pituitary and parathyroid areas in our patient 
between April 1 and 16, 1942 The patient has recently returned for further observation, 
which was carried out in the hospital from Aug 6 to Aug IS, 1942 Between April 22, 1942 
and this admission the patient had received 25 mg of testosterone propionate tw'ice w'eekh 
by intramuscular injection and had also taken by mouth 2 mg of diethylstilbestrol, 4 Gm of 

12 Rhoads, J E , and Kasinskas, W The Influence of Hypoprotememia on the For- 
mation of Callus m Experimental Fracture, Surgery 11 38 (Jan ) 1942 

13 Ask-Upmark, E Osteomalacia hepatica, Acta med Scandmav 99 204, 1939 Mentha, 

C Osteodystrophies pancreatiques liumaines et experimentales, Schweiz Ztschr f allg Path 
u Bakt 4 209, 1941 Sikl, H Osteomalacic bei langdauernder Erkiankung der Gallenwege, 
Frankfurt Ztschr f Path 55 120, 1941 
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calcium gluconate and 100,000 U S P units of vitamin Da daily Ten units of protamine 
zinc insulin and 10 units of unmodified insulin had been injected dail}^ Her diet had been 
unrestricted 

She still complained of weakness of the back and a burning lumbar backache after pro- 
longed standing but was able to walk six to eight blocks without fatigue Scant menstrual 
bleeding had occurred from July 22 to July 29 foi the first time in four years Physical 
examination show ed no changes except that the facial acne and hirsutism had decreased 
Roentgen examination of the thoracic and lumbar portions of the spine showed evidence of 
healing of the vertebral fractures, but marked demineralization of the skull and spine was 
still noted and had not improved since the examination made in April 1942 Estimations of 
the serum piotein, phosphatase, calcium and phosphorus yielded values wuthm the normal range 
Serum cholesterol w'as found for the first time to be within the normal range (189 mg per 
hundred cubic centimeters) A test of dextrose tolerance by the one hour, two dose method 
of Exton and Rose gave the following values fasting blood sugar, 110 mg per hundred 
cubic centimeters, one-half hour blood sugar, 146, and one hour blood sugar, 150 Urine 
collected during the test period contained no sugai It is thus evident that some general 
improvement had occurred 

The testosteione propionate w'as supplied by the Schenng Corporation Part of the cal- 
ciferol was supplied by the Winthrop Chemical Company 

701 Llalonej Building, Hospital of the University of Pennsylvania, Philadelphia 4 (Dr 
Sunderman) 
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The aiitigen-antibody reactioii between human erythroc 3 ^tes and seium in which 
hemagglutination is obseived only at low temperatures (below 20 C ) has attracted 
the attention of immunologists^ and clinicians - for many years Unusual seio- 
logic features of this reaction, its association ith so many diverse pathologic states 
(Raynaud’s syndrome, acute and chronic acquired hemolytic anemias, trypano- 
somiasis, acute bacteiial infections, cirrhosis of the hvei, leukemia, pernicious 
anemia, tymphoblastomas and bland \enous thrombosis and its presence in low 
titer in at least 95 per cent of normal persons ^ have been recorded There is 
only 1 report ‘ of the occuiience of gangiene of the extremities due to the action 
of a cold hemagglutinin In the case we aie reporting gangrene was much more 
extensive 

In the data that follow the essential characteristics of the phenomenon are 
piesented The difteiences between cold hemagglutination, panagglutination and 
pseudoagglutination (louleau formation) \mI1 not be discussed Wiener® and 
Levine® have written exhaustively on this subject The term autoagglutination 
will not be used, since it refers only to the agglutination of erythrocytes by 

These studies received additional support from the Metropolitan Life Insurance Companj 
and from Mr Bernard M Baruch, !Mr Bernard M Baruch Jr , l^Iiss Belle N Baruch and 
Mrs H Robert Samstag 

Dr Stats was a Littauer Fellow in Pneumonia Research, Harlem Hospital Dr Bullowa 
IS clinical professor of medicine. New York University College of Medicine, and visiting 
physician, Harlem Hospital and Willard Parker Hospital 

From the Medical Service of Harlem Hospital, City of New York Department of 
Hospitals, Dr Oswald La Rotonda, director, and the Littauer Pneumonia Research Fund 
of New York University College of Medicine, Dr Jesse G M Bullowa m charge 

1 Landsteiner, K Ueber Beziehungcn zwischcn dem Blutscrum und den Korperzellen, 
Munchen med Wchnschr 50 1812, 1903 

2 Klein, A Ueber die Untersuchung der Formelemente des Blutes und ihre Bedeutung 
fur die pralrtische Medizin, Wien klin Wchnschr 40 1569, 1890 

2a Since this article was presented, two publications have appeared concerning the presence 
of cold hemagglutinins m atypical (virus pneumonia Thej are as follows Peterson, O L , 
Ham, T H , and Finland, M Cold Agglutinins (Autohemagglutinins) in Primary Atypical 
Pneumonias, Science 97 167, 1943 Horstmann, D H , and Tatlock, H Cold Agglutinins 
A Diagnostic Aid m Certain Types of Primary Pneumonia, JAMA 122 369 (June S) 
1943 

3 Kettel, K Studien uber die Frage der Kalteagglutination des Blutes bei Menschen, 
Vorlaufige Mitteilung, Acta path et microbiol Scandinav 5 306, 1928 

4 McCombs, R P , and McElroy, J S Reversible Autohemagglutination with Periph- 
eral Vascular Symptoms, Arch Int Med 59 107 (Jan ) 1937 

5 Wiener, A S Blood Groups and Blood Transfusion, ed 3, Springfield, 111 , Charles 
C Thomas, Publisher, 1943 

6 Levine, P On Pseudo- Agglutination and Cold Agglutination, Ukrain Ztschr f 
Blutgruppenforsch 2 17, 1928 
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homologous seiuni It does not necessaiily imply the all-important factor of cold 
Cold hemagglutinins agglutinate homologous eiythiocytes but in addition aggluti- 
nate all human and many animal eiythrocytes 

REPORT OF CASE 

The patient was a 64 year old American Negro who had lived in Virginia until his 
forty-fifth 3 ear, working in tobacco warehouses He then moved to New Yoik city For 
the next five 3 eai s he woi ked in an aluminum refinery Here he was exposed to intense 
heat in close proximity to molten aluminum On several occasions he sustained minor burns 
of the skin when the metal splashed Toward the termination of this employment he noted 
the beginning of the disease which brought him under our observation fifteen years later 

He had had a penile sore in his youth but had never received antisyphilitic treatment 
He was married at the age of 20 His wife had six pregnancies, all of which terminated 
in Ining children, none of wdiom have shown clinical 01 serologic evidence of syphilis 

Except for the present illness he had been remarkably well Fifteen years before admis- 
sion he noticed tingling, burning and numbness of the tips of his fingers and of his toes on 
exposure to a low enviionmental temperature These symptoms invariably followed even 
a ten to fifteen minute exposure to the winter temperatures in New York The symptoms 
started wdiile the patient was in the cold, they rapidly subsided when he entered a warm 
room Often he experienced sharp pain in the epigastrium accompanying the painful sensa- 
tions in the extremities This was also short lived, clearing up rapidly when the environ- 
mental temperature w'as raised The first urine passed after any such episode was extremely 
dark, resembling coffee Theie w^as no dysuria, however Theieafter the urine looked normal 
to the patient These attacks of pain in the abdomen and extiemities and the dark urine 
occurred only and ahva 3 s after exposure to cold and except for tiansient distress did not 
inconvenience the patient He looked on them as a “peculiar” reaction Tingling or pain 
on exposure to cold w'as never experienced in the tip of the nose or lobes of the ears He 
had never observed any tingling of the tongue or other uncomfortable sensations m his 
mouth or pharynx after the ingestion of cold drinks or ice cream He had never experienced 
C 3 'anosis or pallor of his digits, nor had he ever noted urticarial 01 othei cutaneous leactions 
to cold 

Tw'O w'eeks prior to admission to the Harlem Hospital, the patient w^as exposed to a 
dry early morning temperature of approximately 5 F for about sixty minutes wdule waiting 
for a bus During this time he was clad warmly and wore kid gloves and shoes and cotton 
socks He was not able to exercise much during his long wait and spent most oi the hour 
standing still He observed the same tingling of his fingers and toes that he had experienced 
many times before, and the first urine passed was dark On this occasion, however, though 
the urine shortly resumed its normal appearance, the tingling and the pain continued These 
symptoms persisted with moderate severity, unrelieved by environmental warmth Despite 
this discomfort he did not remain m bed but continued to be up and about indoors until the 
pain became so severe tliat he sought hospital care 

On his admission to the service of Dr Oswald La Rotonda, on Jan 17, 1942, he pre- 
sented an unusual diagnostic problem The general physical examination revealed an acutely 
ill, slightly obese, intelligent, darkly pigmented Negro The rectal temperature was 102 F 
Examination of the head and neck gave no significant results Examination of the fundi 
revealed slight widening and irregularity of the arterial light reflex The heart was of 
normal size There were no abnormal sounds The heart x ate was regular, 90 beats per 
minute The blood pressure was 160 systolic and 90 diastolic The lungs were clear The 
abdomen was obese The viscera were not palpable, nor were there palpable masses The 
results of neurologic examination were negative In the upper extremities the arterial pulses 
were easily felt, from the subclavian to the digital The axillary, radial, ulnai and digital 
arterial pulses had a bounding quality Slight thickening of the radial arteries was evident 
on palpation The tips of all the fingers to the distal interphalangeal joints were tense, 
tender, painful and cool to the touch In the lower extremities all the arterial pulses were 
easily ’felt These included the iliac, femoral, popliteal, anterior and posterior tibial and 
dorsal of the foot (the last three after subsidence of the edema) There were pitting tender 
edema and inflammatory warmth of each leg in the lower half anteriorly and the lower 
two thirds posteiiorly Both feet were moderately edematous and tender The patient 
could not move his toes, and they were insensitive to pain stimuli The toes were exquisitelj 
tender and cool to the touch 
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Detailed laboratory study ga\e the following results 

1 The specific gravity of the urine was 1026 and the color amber, the urine was clear, 
and tests for albumin and sugar gave negative results , microscopic examination show'cd a 
rare white blood cell, the result of a benzidine test for occult blood was negative 

2 The Kahn test of the blood for syphilis gave negative results 

3 The roentgenologic examination of the chest revealed slight enlargement of the left 
ventricle, the lungs were normal 

4 The electrocardiogram revealed a depressed Ti and a flat T- wave and left ventnculai 
preponderance, changes indicative of myocardial disease 

5 Studies of the hepatic function revealed that the icterus index (acetone) was 30, the 
blood content of cholesterol, 180 mg , and of cholesterol esters, 90 mg per hundred cubic 
centimeters, the reaction to the cephalin flocculation and the Takata-Ara test, negatme, 



Fig 1 — Dry gangrene of the tips of the fingers 


the reaction to the galactose tolerance test, 2 Gm excreted in four hours, and to the brom- 
sulphalein excretion test (S mg per kilogram), less than 5 per cent dye retention in one- 
half hour , the blood content of albumin, 4 5 Gm , and of globulin, 2 5 Gm per hundred cubic 
centimeters, and the serum formaldehyde-gel reaction, negative 

6 A test of renal function revealed a maximal specific gravity of the urine of 1 028 , 
other determinations were not deemed necessary 

7 Roentgenologic examination of the gastrointestinal tract with special reference to the 
small intestine revealed hypermotility, puddling of barium sulfate, a segmental arrangement 
and loss of normal jejunal and ileal markings, w'hen this procedure was repeated after 
three weeks of intensive treatment with thiamine hydrochloride (525 mg given subcuta- 
neously) the changes were less marked 

8 Roentgenologic examination of the arms, forearms, thighs and legs did not reveal any 
calcification of v^essels 
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When the patient was admitted a definite diagnosis was not made and the following 
tentative diagnoses were entei tamed impending gangrene, thrombophlebitis or thromboangiitis 
obliterans and paroxysmal hemoglobinuria 

During tlie first week the patient was treated for thrombophlebitis , he continued to 
complain of pain in his toes and to a lesser degree in his fingers His temperature remained 
between 101 and 102 F The edema and pain in the legs gradually subsided At the end of 
this period, despite his intense pigmentation, it became obvious that gangrene of all the 
toes and of the tips of seven fingers was taking place In an attempt to delay or forestall 
some of these changes, he was treated with heparin and 3,3'-methylenebis-(4-hydroxycou- 
marm) for three weeks No beneficial effect could be observed as a result of this medication 
At this time, one week after the patient’s admission to the hospital, a chance observation 
provided the lead to the diagnosis During the course of a hematologic study (of blood 
trom the ear), almost complete agglutination of the red cells was visible grossly as soon as 
dilution in a counting pipet was carried out After several effoits, a successful dilution was 



Fig 2 — Dry gangrene of the toes 


made with warm isotonic solution of sodium citrate, but when an attempt was made to 
perform the count several minutes later, clumping had again occurred When this pipet with 
its contained cells and fluid was heated gently, complete dispersion of the cell clumps 
occurred 

The patient remained in bed for two months During this time the temperature fell to 
normal and the piogressive changes of dry gangrene of the digits developed 

The gangrene occupied all of the toes as far as the metatarsophalangeal joints The 
fingers were much less severely involved On the left hand the tips of the terminal phalanges 
of the second, third, fourth and fifth fingers were involved, whereas on the right both the 
first and second fingers were spared This difference m degree was also demonstrated by 
roentgenographic means Roentgenogi ams of the feet revealed several large, sharp, moth- 
eaten foci of bone destiuction without any reaction in the proximal parts of the distal 
phalanges There was no calcification in the blood vessels of the feet 

The pain gradually disappeared as the acute inflammatory element of the initial stages 
subsided It could then be observed that the line of demarcation between the gangrene and 
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the noimal skin was exceedingly sharp Dm mg the next foui months the patient was up 
in a wheel chair Therapy to the lesions consisted of daily bathing of the feet in diluted 
solution of sodium hypochlorite U S P and application of hvdrous wool fat to the skin 
Thymol iodide powder was dusted on the toes T he toes and the gangrenous foci^ of the 
fingers became sclerotic and mummified Occasionally small purulent foci formed, but these 
drained spontaneously Examination eleven months aftei the onset showed that all the 

gangrenous areas had sloughed and the stumps of the digits were healing Figures 1 and 2 

show the condition of the hands and feet two months after the onset of the gangrene 

The finding of hemagglutination in the led cell counting pipet provided the 

impetus foi a detailed study of the chaiacteiistics of the phenomenon Additional 
aspects of the pioblem will be piesented in other communications 

nXPCRIMHNTAL STUDICS 

1 Chai acteusUcs of Cold Hcmagghit motion — The following experiments were 
performed 

(a) Venous blood w'as collected in a tube containing 3 8 per cent solution of sodium 
citrate and m a dry tube The latter tube was placed at 37 C and the blood allowed to 
clot firmly The expressed clear scrum was removed The former tube was centrifuged, 
the plasma was removed and replaced with five volumes of 0 85 per cent sodium chloride 
solution The mixture w'as w’armed to 37 C in a w'ater bath and then centrifuged This 
procedure of w'ashmg wuth warm saline solution and discarding the supernatant clear saline 
solution after centrifugation w'as performed six times When red blood cells prepared in 
tins manner were mixed wuth 0 85 per cent sodium chloride solution or normal human scrum 
of the same blood group and kept at 4 or at 37 C for one hour, thc> remained e\enl> 
dispersed (except for slight sedimentation) and agglutination did not occur When the 
patient’s serum, piepared as before, was mixed with either homologous or heterologous red 
blood cells and the mixture placed at 4 and at 37 C for one hour, the most intense agglu- 
tination was observed in all instances at 4 C but none at 37 C (except low titer isoagglu- 
tination wuth red cells of other blood groups) 

These experiments show' that the agglutinating effect resided m the patient’s 
serum and not in his red cells and that heterologous as w ell as homologous erythro- 
cytes were agglutinated by it The patient’s led blood cells were not affected b} 
heterologous human serum 

In all subsequent experiments the cells and seium of the patient were prepat ed 
in the manner desciibed 

(i) A titration for agglutination at 4 C w'as carried out The er} tlirocytcs were used 
in 2 per cent suspension Mixtures of 0 1 cc of a suspension of homologous red blood cells 
and 0 4 cc of progressive geometric dilutions of the patient’s serum were kept at 4 C for 
sixteen hours, and agglutination was determined by gross and microscopic observation This 
test was performed on many occasions, and fluctuation in titer was obsened from 1 3,000 
to 1 32,000, 1 e, it was possible to show agglutination in the cold with a specimen of the 
patient’s serum diluted 1 32,000 with 0 85 per cent sodium chloride solution Retesting 
eleven months after the onset of the gangrene revealed the same titer of the serum A 
serum wtih such extraordinary powers of cold agglutination has rarely been recorded High 
titers of cold hemagglutination have been reported Cold hemagglutinins could not be 
demonstrated m the spinal fluid ® 

(c) An understanding of the rapidity and the completeness of the cold agglutination 
reaction is essential to interpretation of the clinical obser\ations in the present case In an 
experiment to reveal these, 1 cc of washed packed homologous red blood cells was mixed at 
room temperature wuth 1 cc of the patient’s serum At this temperature the cells were 
slightly agglutinated When the temperature was lowered to 4 C by immersion of the tube 
in ice water, agglutination was grossly visible m less than one minute In two minutes the 

7 Wheeler, K M , Gallagher, H J , and Stuart, C A An Unusual Case of Auto- 
agglutination, J Lab & Clin Med 24 1135, 1939 Jessen, C U , and Bing, J Methods 
for Differentiating the Cause of Increased Sedimentation Rate, Acta med Scandinav 105 
287, 1940 

8 Riebeling, C Ueber einen Fall von sog Paragglutination, Med Klin 29 1440, 1933 
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cells weie tightly agglutinated The mass of agglutinated cells had the appearance of a gel 
When the tempeiatuie was changed to 37 C oy immersion m a constant temperature water 
bath, breaking up of the massive agglutination was apparent in thirty seconds, and in two 
minutes complete dispersion of the red blood cells had occurred If the temperature was 
suddenlj lowered to 4 C the same rapid agglutination occurred This process could be 
repeated many times without apparent cellular injury or change in the phenomenon 

((/) Experiments vere peifoimed to show more clearly the relationship of agglutination 
to tempeiature Geometric dilutions of the patient’s serum were incubated for one hour with 
the patient s i ed blood cells, as m expei iment b, at various temperatures and agglutination 
recorded The results ot this expei iment are shown in the following tabulation 


Temperature (C ) 

0 

4 

6 

13 

20 

28 


Agglutination Titer 
+ 1 3,200 
± 1 3,200 
+ 1 1,600 
+ 1 800 
± 1 SO 
Negative 


(c) An expei iment to demonstrate the action of the antibody in vivo was carried out 
E\ai and Meisai ° described visible agglutination of the red blood cells m the conjunctival 
capillaries of 2 patients with Raynaud’s sjmdrome and a high titer (1 500 to 1 1,000) of cold 
hemagglutination Other studies have demonstrated erythiocyte agglutination in postmortem 
tissue sections 

The venules and capillaries of the bulbar and palpebral conjunctivas in each eye were 
visualized under the slit lamp binocular corneal microscope and were seen to be normal 
The conjunctival sacs were irrigated with 100 cc of iced isotonic solution of sodium chloride 
for one and one-half minutes and the vessels immediately observed A picture was seen 
similar to that of die retinal vessels in the early postagonal state Marked segmentation 
of the blood columns — apparently by clumps of erythrocytes — was readily seen Between 
neighboring clumps one could see what appeared to be clear plasma The segments and 
clumps were moving slowly As observation was continued and the eye exposed to a normal 
environmental temperature (24 C ), the segmentation slowly disappeared This procedure 
was carried out se^eral times in each eye without complications The distress of the intense 
cold was soon dissipated Irrigation of the conjunctival sacs of a normal person in this 
manner ga^ e rise to an immediate blanching, follow'ed by a reactive hyperemia Figure 3 
demonstrates the effect of cold on the conjunctival vessels of the patient’s eye 


2 Hcmoglobmuna — The leliable history of the repeated passage of coffee- 
colored uiine after exposuie to cold and the absence of hemoglobin in routine 
urinalyses made study of this point impoitant It had been shown by other investi- 
gators that in syphilitic cold hemoglobinui la (presence of a cold hemolysin and a 
positive Donath-Landsteinei reaction^-) immeision of an extremity in cold water 
was often followed by a paioxysm of hemoglobinuria (Rosenbach The follow- 
ing experiment was earned out in an attempt to demonstrate hemolysis in vivo 
111 tiie present instance 

The syringes were adequately rinsed in 085 per cent sodium chloride solution, and 9 cc 
of venous blood was drawn carefully without undue stasis fiom each arm into 1 cc of 
fleshly prepared 3 8 per cent sodium citrate solution The blood and the anticoagulant were 
gently mixed The right forearm was then immersed in a basin of cracked ice and water 
(temperature 4 C ) for twenty-five minutes and the left arm kept at room temperature (20 C ) 
After ten minutes had elapsed venous blood, as before, was drawn from the left arm At 
the end of twenty-five minutes the light arm was removed from the w^ater and dried, and 

9 Iwai, S , and Meisai, N Etiology of Raynaud’s Disease, Japan M World 6 345, 1926 

10 Lewi'n, O Zur Frage der Zulassigkeit der Bluttransfusion bei bestehender Panagglu- 
tination, Wien klin Wchnschr 47 714, 1934 

11 Irrigation was performed with the assistance of Dr Arthur Minsky, associate ophthal- 
mologist, Harlem Hospital 

12 Hemolysis after warming of chilled blood 

13 Rosenbach, cited by MacKenzie, G M Paroxysmal Hemoglobinuria Reviewq Medi- 
cine 8 159, 1929 ’ 
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then venous blood was drawn from each arm Both arms remained at room temperature 
At appropriate intervals for one and a half hours blood was drawm from the tW'O aims 
simultaneously All samples were then centrifuged and the supernatant plasma removed 
The various specimens of plasma obtained were tested for hemoglobin by a quantitative 
technic which was a modification of the benzidine method of Bing and Baker Urine was 
obtained before and after the experiment and tested for the presence of hemoglobin Two 
samples of the plasma from the arm which had been in the cold were analyzed in the Hardv 
recording spectrophotometer's for determination of the nature of the pigments present The 
results of these studies are shown in figures 4 and 5 

Hemolysis occurred only in the cold extremity, showing tiiat it w'as a local phenomenon 
The pigment liberated to the plasma was oxylicinoglobin, indicating that chemical change 



Fig 3 — Bulbar conjunctiva inimediatcb' after iirigation of the conjunctnal sac with cold 
saline solution Below are the cornea and iris Note the blood ressels and the segmental 
interruption of the blood column in the left third of the vessel runniiig transversely (X 25) 


did not occur, for this is the normal pigment of the icd blood cells Note should be taken 
of the rapidity wuth which the hemoglobin disappeared from the plasma The lack of henio- 
globmemia in the warm arm and the absence of hemoglobinuria may be explained by several 
factors The cold undoubtedly caused marked i eduction in the blood flow in the exposed 
arm , the free hemoglobin w'as rapidly diluted with the plasma of the remainder of the body , 
the mechanisms which existed for the removal of plasma hemoglobin rapidly remoied this 

14 Bing, F C, and Baker, R W Puiification of Benzidine, and an Improved Reagent 
for Estimating Hemoglobin, J Biol Chem 95 387, 1932 

15 The analysis was perfoimed at the Electrical Testing Laboratories, Inc, New York 
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pigment There weie no untoward symptoms m the patient as a result of this or similar 
expel iments Tliere was no systemic or local reaction Undue hemolysis intra vitam was 
not obsei-ved m other experiments as a consequence of prolonged venous stasis 

3 Syphilis — The exclusion oi inclusion of syphilis as a contributing factoi was 
deemed essential because of the history that a chancie had piobably once been 
present, that coffee-coloied mine had been passed after exposure to cold and that 
an antibody acting in the cold against homologous led blood cells was present 

a The reactions to serologic tests 1° were as follows diagnostic Kahn test of the blood, 
negatne heavy, Kahn exclusion test of tlie blood, ±, Wassermann test of the blood, nega- 
tive, lylazzini test of the blood, 2 plus, Kahn verification test of the blood, negative type, 
Wassermann test of the spinal fluid, negative, Kahn test of the spinal fluid, negative, and 
colloidal gold curve test of the spinal fluid, 0000000000 

b The Donath-Landsteiner test 12 was performed many times with varying serologic tech- 
nics The erythrocytes were used in concentrations of 30, 20, 10 and S per cent packed 
volume The patient’s seium was used fresh or inactivated (by heat) with the addition of 
an excess of active guinea pig complement The period for cold incubation varied from ten 
minutes to one hour In none of these tests was a positive result obtained All tubes con- 
taining the patient’s serum and cells showed agglutination in the cold 



Fig 4 The relationship between hemoglobinemia and the time after exposuie of the 

foreaim to cold The hemoglobinemia is expressed in milligrams of hemoglobin per hundred 
cubic centimeters of plasma 

We conclude from these serologic tests and fiom the absence of clinical evi- 
dence of syphilis that the patient had no evidence of active syphilitic infection 
4 Hematologic Status — The lare occuiience of cold hemagglutination associ- 
ated with hemolytic anemia, the history of passage of coffee-colored urine and 
the occurrence of hemoglobinemia on exposuie to cold made the determination 
of the status of the blood important 

Studies of the blood showed the following picture 

Hemoglobin, 84 per cent (14 5 Gm per hundred cubic centimeters = 100 per cent) 

Red cells, could not be counted accurately 
White cells, 12,000 per cubic millimeter 
Platelets, could not be counted accurately 
Segmented neutrophils, 56 per cent 
Nonsegmented neutrophils, 4 per cent 
Lymphocytes, 31 per cent 


16 The Kahn tests were pei formed by Dr Reuben Kahn, Ann Arbor, !Mich 
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Monocytes, 6 pci cent 
Segmented eosinophils, 3 per cent 
Reticulocytes, 1 5 per cent 
Hematocrit reading, 39 1 pei cent 

H 3 'potonic fragility of red cells no hemolysis, 0 72 to 0 48 per cent sodium chloride 
solution , partial hcmolj sis, 0 44 to 0 36 per cent sodium chloride solution , complete 
hemolysis, 0 32 per cent sodium chloride solution 
Price-Jones curve diameters of red cells (500), 7 30 microns, curie of all diameters, 
normal 

Quantitative test of urobilinogen excretion (Watson’s method ^') stool (four dajs), 70 2 mg 
pel day, urine (two dajs), 0 8 mg per day 

Bleeding time (Duke’s method), three minutes 
Coagulation time (Lee and White method), eleven minutes 
Clot retraction, present in four hours 



WAVE LENGTH IN MILLIMICRONS 

Fig 5 — Spectrophotometric anal} sis of the hemoglobin pigment liberated, as shown in 
figure 4 

Sedimentation late (Wmtrobe’s method) one hour — at 1 C, 4 5 mm , at 9 C, 22 0 
mm , at 19 C, 29 0 mm , at 24 C, 15 5 mm , at 37 C, 48 5 mm 
Plasma prothrombin index (Quick’s method), 100 per cent 
Blood group O, Rh factor absent, MN tj'pe, anti-Rh antibody absent 
Serum isoagglutinin titer anti- A, 1/128, anti-B, 1/32 

Hemolysis test with acidified serum (used bj’’ liam in cases of paroxysmal noc- 
turnal hemoglobinuiia), negative result 

From these figuies we conclude that theie was no significant abnormality in the 
peripheral blood and that the late of destruction of erythiocytes was noimal 

17 Watson, C J Concerning Urobilinogen An Improved Method for the Approximate 
Quantitative Estimation of Urobilinogen in Urine and Feces, Am J Clin Path 6 458, 1936 

18 Ham, T H Studies on Destruction of Red Blood Cells Chronic Hemolytic Anemia 
with Paroxysmal Nocturnal Hemoglobinuria, Investigation of Mechanism of Hemolysis with 
Observations on Five Cases, Arch Int Med 64 1271 (Dec ) 1939 



ST AT S-BULLOW A— GANGRENE OF EXTREMITIES 


515 


COMMENT 

The seiologic studies lepoited afford a rational explanation of the patient’s 
illness It seems reasonable to suggest a similarity of the action of the cold 
hemagglutinin intia vitam to that obseived in vitro This is shown by the obser- 
vation of eiythiocyte agglutination in the capillaries of the conjunctiva after this 
was cooled It is to be expected, then, that maiked cooling of the body m any 
poition wall be followed by hemagglutination Both the in vivo and the in vitro 
experiments indicated the lapidity of this leaction at a low temperature and its 
prompt disappeai ance as the temperature lose The episodes of tingling of the 
hands and feet that the patient noticed on exposuie to cold can leasonably be 
explained on this basis 

The fact that the patient never expeiienced symptoms of vascular insufficiency 
m the lobes of the eais or tip of the nose at low temperatures or m the tongue oi 
pharynx aftei ingestion of a cold dunk cannot be explained Some patients 
desciibed in the hteiatuie as having a cold agglutination titer lowei than our 
patient’s piesented such symptoms The localization of the symptoms to the 
fingers and toes is m part explained by a normal laige temperature gradient in 
these parts A fall m temperatuie m the fingers and toes on exposure of the 
entire body to cold is a noimal phenomenon^® It should be emphasized that we 
were not able to find any evidence of oiganic vascular disease, such as arteiio- 
sclerosis or tin omboangntis obhteians Many patients with a relatively high 
titer of cold hemagglutination nevei have symptoms of aiteiial insufficiency 

The last attack, the one lesulting in aci ogangrene, was apparently similar to 
the previous ones, diffeimg quantitatively in that the cold w^as more severe and 
persisted for a longei period It would appear that at this time the intense aggluti- 
nation occluded many small peiipheial blood vessels interfering with, or stopping, 
the blood flow The period of vascular insufficiency was so prolonged that organic 
ischemic changes occui i ed in the vessels and the tissues of these i egions Capillary 
thrombosis was the probable result Finally, even with rewarming of the part, 
when the agglutination should have broken up, i eestabhshment of the circulation 
could not be effected and diy gangrene resulted That such a phenomenon might 
occur was predicted by Amzel and Hii szfeld 

There are numerous other conditions in which episodes of arterial insufficiency 
of the extremities occur despite the absence of disease of the larger arteries In 
severe anemia the oxygen-carrying capacity of the blood is so reduced as to give 
rise to tingling and other sensations Similar symptoms are common m poly- 
cythemia vera, in which the viscosity of the blood may play an important role 
A report of the occuri ence of Raynaud’s syndrome in association with multiple 
myeloma with hyperglobuhnemia indicates that intense rouleau formation may 
at times interfere with circulation Cases reported as instances of chronic acio- 
asphyxia have been characterized by long-standing coldness and cyanosis of the 
fingers and toes which might progress to gangrene A recently obseived case®® 
of marked mitral stenosis with superimposed acute bacterial endocarditis was 
characterized by coldness and cyanosis of the digits Similar phenomena ®® have 
been observed m cases of ball valve thrombi of the left auricle associated with 

19 Lewis, T Observations on Some Normal and Injurious Effects of Cold upon the 
Skin and Underlying Tissues, Brit M J 2 795, 1941 

20 Amzel, R , and Hirszfeld, L Ueber die Kalteagglutination der roten Blutkorperchen, 
Ztschr f Immunitatsforch u exper Therap 43 526, 1925 

21 Wintrobe, M M , and Buell, M V Hyperprotememia Associated with Multiple 
Myeloma, Bull Johns Hopkins Hosp 52 156, 1933 

22 Personal observation of the authors 

23 Fishberg, A M Heart Failure, Philadelphia, Lea & Febiger, 1940 
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mitral stenosis In such cases the aiteiial insufficiency of the extremities is due 
to obstiuction of the cnculation at the initial orifice "Epinephrine shock,” with 
maiked coldness, palloi and cyanosis of the extremities, has been described as a 
manifestation of severe prolonged crises in cases of pheocliromocytoma of the 
adrenal medulla In shock, oi circulatoiy collapse due to severe injury from 
burns or other causes, insufficiency of the peripheral cnculation is due to pooling 
of the blood in the splanchnic area Finally, there is that group of conditions 
classified as Raynaud’s syndiome, m which a vasomotor disturbance may be 
responsible for the ischemia 

The occurrence of dry gangiene of the digits in the piesence of noimal pulsa- 
tions of the largei aiteiial vessels is rare Case 2 of Njgaard and Brown-® is 
one of gangrene of the toes of undetei mined cause, though the authois demon- 
strated an abnormality in the coagulation of the blood Lewus discussed this 
syndiome, mentioning the unusual appearance of gangrene in syphilitic paroxysmal 
hemoglobinuria, in which functional vasomotoi phenomena are common Under 
the heading of "Bilateral Gangrene of the Digits in the Young and in the Elderl}” 
he mentioned the lelationship to acute infections, w'asting diseases and Raynaud’s 
syndrome He did not include cold hemagglutination as a cause of symmetric 
gangrene Symmetric gangrene associated with widespread purpura was reported 
by Fatheree and Hines®® Symmetric gangiene due to ^asospasm is a common 
occurrence in epidemics of ergotism ®® Similar gangrene has been reported as 
following the use of ergotamine taitrate for the lelief of piuntis ®® We are omitting 
from this discussion the effect of physical agents as a cause of gangrene A review 
of all the published cases of cold hemagglutination reveals 12 instances of functional 
vasomotor disturbances of the extremities and 1 instance of gangrene ■* In our 
case gangrene was more extensive than in the one previously reported 

1 hough we w'ere never able to reproduce the hemoglobinuria, w'e have no doubt 
that it occurred many times, as stated by the patient The result of the in vivo 

24 Engel, F L , Menchei , W H , and Engel, G L “Epinephrine Shock” as a Mani- 
festation of a Pheocliromocytoma of the Adrenal Iilcdulla, Am J M Sc 204 649, 1942 

25 Hunt, J H Raynaud Phenomena Critical Renew, Quart J Med 5 399, 1936 

26 Nygaard, K K , and Broivn, G E Essential Thrombophilia, Arch Int kled 59 82 
(Jan) 1937 

27 Lewis, T Vascular Disorders of the Limbs Described for Practitioners and Students, 
New York, The Macmillan Companj, 1936 

28 Fatheree, T J , and Hines, E A , Jr Symmetrical Gangrene of Extremities Asso- 
ciated with Purpura, Am Heart J 12 235, 1936 

29 Barger, G Ergot and Ergotism, London, Gurney & Jackson, 1931 

30 Yater, W , and Cahill, J A Bilateral Gangrene of the Feet Due to Ergotamine 

Tartrate Used for Pruritis of Jaundice, JAMA lOG 1625 (May 9) 1936 

31 (a) Iwai, S , and Meisai, N Etiology of Raynaud’s Disease, Japan M World 5 119, 

1925 (5) Alexander, H L, and Thompson, L D Autoheniagglutination in Chronic Leukemia, 

J A M A 85 1707 (Nov 28) 1925 (c) Iwai and Meisai ° (d) Stieffel, R Etude des hemo- 

globinunes. Thesis, Pans, Louis Arnette, 1928 (c) Davidson, L S P Macrocytic Haemolytic 

Anemia, Quart J Med 1 543, 1932 (/) Roth, G Paroxysmal Hemoglobinuria with Vaso- 
motor and Agglutinative Features, Proc Staff Meet, Mayo Clin 10 609, 1935 (g) Salen, 

E B Thermostabiles nicht komplexes (Auto-) Hamolysm bei transitonscher Kalthamo- 

globinurie, Acta med Scandinav 85 570, 1935 (/i) Hanns, A , and Sommer, A Acro- 

cyanose, auto-agglutination des hematies, hemoglobinurie paroxystique, Strasbourg med 98 
172, 1938 (i) Gautier, C , Heimann, V , and Laudat, M Grande auto-agglutination des 

hematies Lymphome splemque Crises de cyanose Action remarquable de la radiotherapie 
sur le desequilibre des albumines du serum. Bull et mem Soc med d hop de Pans 55 59, 
1939 (;) Benians, T H C , and Feasby, W R Raynaud’s Syndrome with Spontaneous 
Cold Hemagglutination, Lancet 2 479, 1941 (k) Sezary, A , Kipfer, H , and Gharib, M 

“Livedo annularis” et crises de cyanose chez un sujet atteint de maladie hemolytique avec 
grande auto-agglutination des hematies. Bull et mem Soc med d hop de Pans 54 1710, 1938 
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expenment in which the aim was cooled indicates that marked hemoglobinemia 
occuried locally at the site of action of the agglutinin When such a process was 
widespiead, even if the hemoglobinemia in any one site was not so great as in 
the experiment, the piobabihty of hemoglobinuria would be increased In addition 
to the piesent case, hemoglobinuria in association with cold hemagglutination was 
lepoited ill 17 cases It is not possible to say how often a pathogenetic relation- 
ship existed between the hemoglobinuria and the cold hemagglutination in these 
leported cases Several were instances of acute hemolytic anemia It is well 
known that hemoglobmui la m the absence of cold hemagglutination may occur m 
such states 

When a cleaicut lelationship between cold and hemoglobmui la can be shown, it 
IS likely that the cause of the hemoglobmui la is in the activation of the cold 
hemagglutinin Howevei, when hemoglobmui la occuis at looni tempeiatuie, or 
even at a highei temperatuie, theie is good reason to doubt a close causal lelation- 
ship between the hemoglobmui la and a cold hemagglutinin which may be present 
In no case of hemolytic anemia with hemoglobinuria and cold hemagglutination 
has the close dependence of the hemoglobinuria on a fall m temperatuie been 
demonstiated Some of the patients Avith hemolytic anemia due to a sulfonamide 
compound weie febrile befoie or at the onset of the hemolytic piocess Theie is 
a definite possibility that the phenomenon of cold hemagglutination in certain 
instances of hemolytic anemia may be uni elated to the mechanism of hemoglobinuria 

Besides the fact that hemoglobinuria may occui in the absence of cold hemagglu- 
tination is the knowledge that theie are numerous examples of cold hemagglutinins 
of high titeis without hemoglobinuria 

SUMMARY AND CONCLUSIONS 

A case of syinmetiic gangrene of the tips of the extiemities due to cold 
hemagglutination is desciibed 

Expel imental studies levealed (a) unilateial hemoglobinemia following expo- 
suie of a foiearm to cold, (b) hemagglutination in the capillaiies of the conjunctiva 
due to cold and (c) absence of syphilis or evidence of a hemolytic anemia No 
cause could be found to explain the presence of the cold hemagglutinin 

A discussion is presented of clinical conditions in which transient oi peimanent 
artei lal insufficiency of the extremities occurs despite adequate pulsation and absence 
of disease of the peripheral arteries 

All the cases of cold hemagglutination reported in the literature in association 
with arterial insufficiency of the extiemities or hemoglobinuria are tabulated 

4 East Eighty-Eighth Street 

400 East Fifty-Eighth Street 

32 (a) Mino, P Einiges uber Konstitutionslehre und serologische Forschung, Deutsche 
med Wchnschr 50 1533, 1924 (b) Kopplin, F Autohamagglutination und Anamie, Ztschr 

f klin Med 130 784, 1936 (c) Watson, C J Hemolytic Jaundice and Macrocytic Hemo- 
lytic Anemia, Ann Int Med 12 1782, 1939 (<f) Antopol, W , Applebaum, I , and Gold- 

man, L Two Cases of Acute Hemolytic Anemia with Auto-Agglutination Following 
Sulfanilamide Therapy, J A M A 113 488 (Aug 5) 1939 (e) Reisner, E H , and Kalk- 

stein, M Auto-Hemolysimc Anemia with Autoagglutination Improvement After Splenec- 
tomy, Am J M Sc 203 313, 1942 (/) Rothstem, I, and Cohn, S Acute Hemolytic 
Anemia, Autoagglutination, Toxic Hepatitis and Renal Damage Following Sulfathiazole 
Therapy, Ann Int Med 16 152, 1942 (g) Dameshek, W Cold Hemagglutinins in Acute 

Hemolytic Reactions Following Sulfonamide Medication and Infection, JAMA 123 77 
(Sept 11) 1943 (/i) McCombs and McElroy^ (0 Alexander and Ihompsonsib (^) 
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REVIEW OF SOME OF THE RECENT LITERAIURE 

The piesent review vas obviousty compiled under wartime conditions, and 
many articles have been omitted because the journals weie not available for study 
These are known to us and will be included in future leviews Although theie 
has not been a noticeable decline in original maleiial during the past yeai, it is 
anticipated that such a condition v ill prevail as more and more investigators enter 
military service or attend to their busy vartime practfees Dicoumarm (3,3'- 
methylene-bis-[4-hydioxycoumarin] ) has been given considerable attention in this 
leview, and the man) articles on heparin have been omitted pending decision as 
to their value when this drug is finally compared with the foimer compound 

PHYSIOLOGY 

The causative factoi lesponsiblc foi pam in an ischemic extremity has been 
subject to consideiable controvers} Harprudei and Stein ^ report their observa- 
tions on the genesis of ischemic pain, substantiating in part the theory of the 
so-called P substance as the responsible agent Then studies w'ere done in the 
usual mannei Pam was pioduced by movements of the fingers of an aim made 
ischemic by a blood pressure cuff iiiflatcd to 200 mg of ineicury Before the 
cuff was inflated an aieiage of forty contractions of the fingeis was possible before 
pain developed Aftei the cuff was inflated and the aim lendered ischemic, only 
one-third to one-half the same number of contractions were possible With this 
as a control expei iiiient, other studies were performed as follows It w^as first 
noted that pain could not be transferred from the low'ei to the uppei exti eiiiities 
This was demonstrated by producing an ischemic pam in the low'er extremities, 
releasing the pressure and wnthin forty seconds repeating the previously men- 
tioned control experiment No change m pain threshold was noted The authors 
w'ere next able to ascertain a phase of lecovery, namely, three to five minutes 
could elapse between experiments and similar lesults be obtained When the 
ischemic extremity was immersed in a watei bath at a temperatuie of 115 F , pain 
rapidly developed, similar to that produced with exeicise Pain did not develop 

From the Department of Medicine, Northwestern University Medical School, the Depart- 
ment of Surgery, University of Illinois College of Medicine ,and the Circulatorj Group St 
Luke’s Hospital 

1 Harpruder, K, and Stem, I D Studies on the Nature of Pam Arising from an 
Ischemic Limb I Clmico-Experimental Observations, Am Heart J 25 429 (April) 1943 
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when the arm was immersed m cold water Since certain investigatoi s have con- 
sidered vasodilatation as a cause for pain in ischemia, the authors dilated the vessels 
of the upper extiemities leflexly and then rendered one arm ischemic, they found 
little change fiom the pain threshold of the control experiment Oxygen likewise 
had little influence on the pain, as no change could be elicited in patients artificially 
lendered anoxic Of interest were the reflex secondary effects of exercising the 
ischemic extremit} Both the systolic and the diastolic piessuie were greath 
elevated aftei exeicise, usually returning to normal after two minutes’ rest 

In a second aiticle - is a report of chemical studies performed on venous blood 
obtained before the experiment, when pain developed and after the recovery phase 
Lactic acid increased with exercise and fuithei increased during the recovery 
phase, which indicates that there is no relationship between the concentration of 
this substance and the pain The concentrations of histamine, ammonia and 
epinephrine in the blood and the oxidation potential and the conductivity of serums 
were also determined, but no essential change was shown Serum potassium was 
of particular inteiest, because it was found to be elevated only during the period 
of pain When potassium was injected inti a-ai teriall)'^ the pain was so intense 
that only a few subjects weie submitted to this procedure The authors concluded 
that potassium plays a major role in the genesis of ischemic pain, most likely by 
its liberation from the cells and rapid accumulation in sufficient concentration to 
stimulate the pain end organs m muscle 

Capdlanes — Eichna and Bordley ® studied the digital capillary blood pi esstii e 
in normal and in hypertensive subjects and found it to vary within wide limits but 
to be qualitatively and quantitatively similar in the two groups Undei such 
physiologic influences as neurogenic vasoconstriction, reactive hyperemia, reflex 
vasodilatation and vaiiations in cutaneous temperature between 27 and 35 C 
(80 6 and 95 F ), small changes m capillary pressure were noted but the lesultant 
values did not fall beyond “resting” limits Only during increases in local venous 
pressure did the digital capillary blood pressure consistentl> exceed “resting’ 
values Wide variations in digital capillary blood pressure persisted during reflex 
vasodilatation, a state during which digital circulation is considered to be full, 
standard and reproducible During vasodilatation, induced either reflexly or b} 
locally injected histamine, there was a disproportionately greatei increase in pressure 
in the venous limb than elsewhere m the capillary The other states all influence 
the digital capillary blood pressure equally in all portions of the capillary No 
correlation existed between the digital capillary blood pressure and arterial pressure 
except perhaps during the hyperemia induced by histamine The similarity of the 
digital capillary blood pressure of normal and that of hypertensive subjects indicates 
that in the digits the increased vascular resistance of hypertensive subjects is pie- 
capillary, piesumably arteriolar 

Eichna^ also compared the digital capillary pressure m hypertension induced 
by parednnol sulfate (a-N-dimethyl-/’-hydroxyphenylthylamine sulfate) with normal 
arterial pressure He found them to be essentially the same This observation 

2 Harpruder, K, and Sfein, I D Studies on the Nature of Pain Arising from an 
Ischemic Limb II Biochemical Studies, Am Heart J 25 438 (April) 1943 

3 Eichna, L W, and Bordley, J Capillary Blood Pressure m Man Direct Measure- 
ments in the Digits of Normal and Hypertensive Subjects During Vasoconstriction and 
Vasodilatation Variously Induced, J Clin Investigation 21 711 (Nov) 1942 

4 Eichna, L W Capillary Blood Pressure in Man Direct Measurements in the Digits 
During Arterial Hypertension Induced by Parednnol Sulfate, J Clin In\estigation 21 731 
(Nov) 1942 
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was equally tiue fot capillaries of digits with intact inneivation and for those 
of persons who had undergone preganglionic sympathectomy At the height ol 
the paredrinol-mduced hypertension, the vasodilatation of local hypeiemia did not 
significantly altei the digital capillary blood piessure The hypeiemia of the 
histamine flare was usually associated with a use in the digital capillary blood 
pressure to a value which just exceeded the piessuie obtained during the resting 
state at both normal and elevated arteiial pressures 

Neumann, Cohn and Burch have continued their studies on the reactions of the 
small vessels follo^\mg application of sensory stimuli at distant parts of the bod} 
Then methods for measuring the spontaneous variations in the volumes of fingers 
and toes have been desciibed in pievious reviews In one lecent study" the} 
stress the impoitance of the conditions under whicli these experiments are to be 
undertaken, such as uniform temperatuie, humidity and state of digestion These 
aie well known to investigators m this field, but tbe authors show objective e\idence 
to suppoit the belief that the patient’s mental comfort and the degree of his relaxa- 
tion are equally important This was demonstrated by con%ertmg a “laborator}” 
into a conventional bedroom and by observing how tlie frequenc} of reaction on 
the part of the peripheral vessels increased when sensory stimuli w'cre applied 
Studies w'ere performed on persons undei both types of emironment In man} 
instances better reactions w'eie obtained in tbe bypei tensive or senile patients aftei 
a simple change in atmosphere These subjects frequently had reactions siinilai 
to noimal subjects because of tbeir ability to relax in a more suitable atmosphere 
The same authois, in a study repotted m a second communication, “ found the 
mean leaction times of the tips of the fingers of normal persons to be 3 12 seconds 
of senile persons 3 86 seconds and of hypci tensive subjects 2 94 seconds Foi 
the tips of the toes of the same subjects the times were moie prolonged, being 
3 43, 4 25 and 3 24 seconds respectivelv, but the delay is of the same order of 
magnitude in each of the three groups when compaied wnth tbe \ allies for the 
fingeis The authors accounted for this difference on the basis of tbe time required 
foi the efferent impulses to ti averse tbe additional length of postganglionic 
sympathetic fibers in order to reach the toes The reason for the differences in 
each group of patients could not be explained excepting on the basis of changes 
in the vessels themselves or of a factoi outside the vessels, such as the nervous 
system oi a chemical state wdnch influences the vessels 

In a pievious leview' the reactive hyperemia ring test of Di Palma and otheis 
w'as desciibed This proceduie w'as used to measure the ability of the smallest 
blood vessels of the skin to^ respond to local ischemia follow'ed by a reactive 
hyperemia By noting the time lequncd for the area of ischemia to clear, a direct 
indication of the rate of local flow is obtained The time required for local ischemia 
IS designated the threshold time, and that requiied for clearing, the clearing 
time All measurements are recorded in seconds wnth a standard stopwatch 
The test was later termed the capillaiy sensitivity test In brief, it is a more 
scientific version of the older method of applying pressure to the skin wuth a fingei 
and noting the time required for the ischemic impiint to fade to the color of the 
surrounding skin 

5 Neumann, C , Cohn, A E, and Burch, G E A Study of the Influence of the Char- 
acter of an Examining Room on the Peripheral Blood Vessels of Normal, Hypertensive, and 
Senile Subjects, J Clin Investigation 21 651 (Nov ) 1942 

6 Burch, G E , Cohn, A E , and Neumann, C Reactivity of Intact Blood Vessels of 
the Fingers and Toes to Sensory Stimuli in Normal Resting Adults, in Patients with Hypei- 
tension, and in Senile Subjects, J Clin Investigation 21 655 (Nov) 1942 
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In the fiist of a senes of new articles Di Palma and Fostei ^ note the segmental 
and aging variations of reactive hypeiemia in human skins The thieshold and 
dealing times weie ascertained in fourteen dorsal and fifteen vential positions, 
coveimg all the cutaneous blanches of neive segments fiom the ophthalmic divi- 
sion of the fifth cranial neive to the fifth sacral nerve It was noted that the 
moie caudal the nerve segment, the higher the threshold and clearing times With 
advancing age similar lesults were obtained but the giadient was marked and 
piactically limited to the lower extremities In another aiticle, Di Palma, Muss 
and Foster® compaie their readings obtained by this test on 24 patients suffeiing 
from aiteiioscleiosis obliterans with the oscillometric index and the lesults of 
theimometiic and histamine flare tests As the ring test showed the state of the 
cii dilation in the superficial vessels, the investigatoi s obviously were unable to 
con elate the readings secured in this test with those obtained with the oscillometei , 
but the} were in agi cement with those obtained with histamine It was not unusual 
to obtain noimal results m reactive hyperemia ring tests over the ankle and foot, 
considering the age of the patient, even in advanced stages of obliteiation of aiterial 
trunks On the other hand, the test was useful from a prognostic standpoint, in 
that the lesults were diiectly pioportional to the symptoms, they paialleled collateral 
cii dilation and the clearing time was greatly prolonged in gangienous areas The 
test appears to be another means foi evaluating the function of the fine vessels 
of the skin 

In their studies lepoited m a thud aiticle Di Palma and Fostei ® were unable 
to demonstiate any differences in response between the small deimal vessels of 
normal peisons and of patients with benign hypertension, with hypertension asso- 
ciated with arteiioscleiosis, or with uncomplicated arteriosclerosis On the other 
hand, of 11 patients with malignant hypei tension 10 had a response of the small 
vessels which indicated greatly decreased sensitivity Thirteen patients with hyper- 
tension complicated by neurologic disorders were found to have cutaneous vessels 
as much as eighteen times moie sensitive than those of persons in the noimal 
and the other hypertensive gioups The authors concluded that the humoral 
agent now believed responsible for arterial hypertension does not exert its influ- 
ence on the smallest vessels in the benign stages of the disease but may do so in 
a later, malignant phase 

Di Palma also noted the responsiveness of the smallest blood vessels of the 
human skin in systemic anoxemia, hypei capnia, acidosis and alkalosis His obser- 
vations demonstrated that systemic anoxemia causes a deciease in sensitivity to 
local ischemia and a slowing of blood flow, wheieas hypei capnia is capable of 
preventing these changes With systemic acidosis there are a decrease in sensitivit} 
to local ischemia and a slowing of blood flow The exact opposite takes place in 
systemic alkalosis These changes usually occuired independently of changes in 

7 Di Palma, J R, and Foster, F I The Segmental and Ageing Variations of Reac- 
tive Hypeiemia in Human Skin, Am Heart J 24 332 (Sept) 1942 

8 Di Palma, J R , Muss, I, and Foster, FI A Reactne Hyperemia Ring Test in 
the Study, Evaluation and Prognosis of Pedal Lesions Caused b 3 Arteiioscleiosis Obliterans 
and Arterial Embolism, Am Heart J 24 345 (Sept ) 1942 

9 Di Palma, J R , and Foster, F I Sensitivity of Smallest Cutaneous Blood Vessels 
Quantitative Responses to Graded Mechanical Stimulation and to Local Ischemia in Arterial 
Hypertension, Arteriosclerosis, and Certain Allied Disorders, J Clin Investigation 21 675 
(Nov ) 1942 

10 Di Palma, J R Quantitative Alterations in the Hjperemia Responses to Local 
Ischemia of the Smallest Blood Vessels of the Human Skin Following Systemic Anoxemia 
Hypercapnia, Acidosis, and Alkalosis, J Exper Med 76 401 (Nov) 1942 
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pulse rate, blood pressuie and respiratoi) rate and depth Di Palma ad\ances 
the view that the carbon dioxide concentration in the blood, or something diiectl} 
associated with it, is the most important factor detei mining the sensitivity of these 
vessels, lather than oxygen saturation or changes in pn 

Hertzman and Roth demonstiated the selective effects of local cold on the 
terminal pad vessels and the digital arteiy of the chilled finger by means of their 
photoelectiic plethysmogi aph The digital aitery does not participate in the laso- 
constrictoi reflexes elicited h}' the cold, but it will ultimately constrict if cold is 
continued, owing to the direct effects of the fall in temperature on the aiteiy 
Reactive dilatation also takes place in the leverse order, as the digital arter} will 
finally relax when the use in temperatuie of the finger peimits relaxation of this 
aiteiy In a few normal subjects the reactive dilatation produced a pad pulse 
similai to that seen in chronic hypertension This suggested to the authors that 
one of the factors responsible foi the change m pad pulse form in hypertension 
may be the shunting of blood through diiect ai tcrio\ enous communications 

The same authois^- peifoimed a number of experiments to demonstrate the 
absence of vasoconstrictor leflexes in the forehead They were unable to obtain 
spontaneous rhjdhmic constrictions of vasomotor origin over this area, even though 
they were leadily obtained in the fingci Also lacking were the usual ^aso- 
constiictoi leflexes elicited b} startle, awakening, a deep breath, immersion of 
the hand in ice uatei or local application of cold The responses m the iorehead 
resembled those m a sympathectomized digit Constriction is giadual after cold 
IS applied locally but appears to be due to the diiect effects of cold on the ^essels 
In addition, the reactive dilatation to cold which occuis in the fingers was not 
observed in the skin of the forehead 

Weatherby reinvestigated the problem of the effect of smoking on the cuta- 
neous temperature, taking into consideration certain ph)sical and plnsiologic 
factors which had been overlooked in other in\ estigations Under ordinar} con- 
ditions the smoking of a cigaiet by the average habitual smoker (who inhales) 
results in a rise in the systolic and diastolic blood pressure of 10 to 25 mm of 
mercuiy, an increase in pulse late of 5 to 20 beats per minute, a drop m the 
temperature of the skin of the finger of 2 to 5 degrees C (3 6 to 6 degrees F ) 
and of the toes of 3 to 7 C (54 to 126 degrees F ) Occasional!)'' greater changes 
occur in hypei active subjects The smoking of a cigaiet by the average iionsmoker 
(without inhaling) causes onl) slight changes at most The maximum ^aso- 
constriction rarely peisists for more than a few minutes An eiiMionmental 
tempeiature of 30 C inhibits almost completely the peripheral vasoconsti iction 
caused by smoking Smoking wnll also delay the w'arming of the skin of the feet 
after a cold foot bath Dunking cold W'ater has the same effect Nicotine was 
shown to be the most important agent in causing these changes as wdien it was 
completely lemoved from the cigaret none of the phenomena just mentioned 
occuiied and wdien it was lestored to the oiiginal cigaiet they were again noted 
The authoi w'as unable to lowei the tempeiature of the skin by altering the nature 
of the respiratory movement, but various physiologic and psjchic stimuli, such 
as leading, talking, hearing sudden noises, drinking cold watei and h}peiventila- 

11 Hertzman, A B , and Roth, L W The Vasomotor Components in the Vascular 
Reactions in the Finger to Cold, Am J Ph 3 'siol 136 669 (June) 1942 

12 Hertzman, A B , and Roth, L W The Absence of Vasoconstrictor Reflexes in the 
Forehead Circulation Effects of Cold, Am J Phj'siol 136 692 (June) 1942 

13 Weatherby, J H Skin Temperature Changes Caused bj”^ Smoking and Other Svm- 
pathomimetic Stimuli, Am Heart J 24 17 (July) 1942 
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tion, may cause changes m cutaneous temperature comparable to those pioduced 
by smoking Mild physical activity, even at relatively low atmospheric tempera- 
tures, inhibits the fall m cutaneous temperature after smoking The author con- 
cluded fiom these studies that it is difficult to determine what effect smoking has 
on the average person, since the conditions under which a person lives are not 
compaiable to the conditions m the laboratory or the hospital where the experiments 
are performed 

Blood Flow — Abiamson, Fierst and Flachs studied the rate of peiipheral 
blood flow m a series of 19 patients who had edema either m a single upper or 
lower extremity or in both lower limbs As in previous studies, the venous occlusion 
plethysmograph method was used Sepaiate measuiements weie made m the hand, 
forearm and leg They noted that the peripheral circulation in edematous extrem- 
ities unassociated with organic heart disease was mainly increased and certainly 
not decreased When the edema was associated with congestive heart failure the 
readings on the edematous limbs fell within the range of those obtained for normal 
subjects The authors are of the opinion that anoxia resulting from the edema 
01 from the accumulation of vasodilator substances locally or fiom both of these 
factors might be effective m producing arteriolar vasodilatation and an increase 
m blood flow to the part 

The same authors,^® using the same method of study, noted the rate of peripheral 
blood flow during rest and the circulatory response to exercise m a senes of 25 
patients with aoitic insufficiency and m 16 subjects with mitral valvular disease 
The average circulation m the hand was found to be somewhat diminished m both 
senes of patients, while the readings for the forearm and leg fell within normal 
limits The postexeicise response of the blood vessels in the foieaim to a specific 
amount of woik was found to be greater than in the control group The authors 
thus concluded that m the majority of patients with aortic insufficiency oi mitral 
valvular disease there is no evidence to be found of excessive vasodilatation or 
vasoconstriction m the vessels of the forearm or leg 

Abramson and his associates also demonstrated that the blood flow m the 
paralyzed limbs of 27 subjects with acute or chronic anterior poliomyelitis was the 
same as in the contralateral normal extremity Evidence is presented, moreover, 
to substantiate the knowledge that the vessels of the diseased limb were more 
sensitive to cold than those of the normal limb In a similar manner, Abiamson, 
Fierst and Flachs studied the peripheral circulation m 11 patients with 
various types of anemia A moderate mciease in blood flow was observed in the 
forearm, but in the hand the readings were, for the most part, within the lower 
range of normal or somewhat decreased Studies of blood flow were also performed 
on 9 patients after the administration of mecholyl chloride (acetylbetamethylcholine 
chloride) by iontophoresis A significant increase in the rate of blood flo^v in the 

14 Abramson, D I , Fierst, S M , and Flachs, K Rate of Peripheral Blood Flow in 
the Presence of Edema, Am Heart J 25 328 (March) 1943 

15 Abramson, D I , Fierst, S M , and Flachs, K Effect of Muscular Exercise upon 
the Peripheral Circulation m Patients with Valvular Heart Disease, J Clin Im estigation 
21 747 (Nov ) 1942 

16 Abramson, D I , Flachs, K , Fieiberg, J, and Mirsky, I A Blood Flow in Extremi- 
ties Affected by Anterior Poliomyelitis, Arch Int Med 71 391 (March) 1943 

17 Abramson, D I , Fierst, S M , and Flachs, K Resting Peripheral Blood Flow in 
the Anemic State, Am Heait T 25 609 (May) 1943 

18 Abramson, D I , Fierst, S M , and Flachs, K Evaluation of the Local Vasodilator 
Effect of Acetyl-Beta-Methjlcholme Chloride (Mecholyl) by Iontophoresis, Am Heart J 
23 817 (June) 1942 
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forearm and the foot was noted, which continued foi some time aftei the treat- 
ment was terminated The effect on the leg was less marked The increase in 
flow was considered to be primarily the result of vasodilatation of cutaneous blood 
vessels, those in the muscles probably contiibuting little if at all to the effect 

Lastly, Abramson and Fieist^® studied the arterial blood flow m patients with 
uncomplicated varicose veins The flow was found to fall within the lange for 
noimal subjects or somewhat beyond it The authois are of the opinion that the 
various cutaneous lesions associated with varicosities do not have their origin in 
a diminished aiterial inflow 

Fiiedland, Hunt and Wilkins-” were unable to find an inci eased blood flow 
m a limb during rises m venous pressure In this stud}’’ the blood flow in the 
extiemities of human beings was measured with and without local venous congestion 
produced by inflating blood pressure cuffs on the pioximal parts of the limb 
Foul different methods were used capillarv micioscop}, venous blood oxygen 
analysis, measurements of cutaneous skin temperatuie and determinations with 
the plethysmograph The observations presented in this paper have undoubtedl} 
caused considerable discussion and are contiai} to the current opinion at this time 
but they are lending support to a small but growing group of investigators wdio 
doubt the efficiency of the intermittent venous occlusion t}’pe of theiapy The 
stretching effect on the venocapillary bed, however, is readil} demonstrated 

Evans and Stew’art report their measurements of the peripheral blood flow 
on a patient with an adienal pheochromocytoma before opeiation and at intervals 
for one year afterw^ard They used the method pieviously described b} Stew’art 
and Jack and by Stew^art and Evans foi their determinations Postoperative!} 
the patient had an average increase of 60 per cent in the amount of blood allotted 
to the peripheral circulation The basal metabolic rate decreased from plus 48 
to an average of minus 15 after the operation Additional studies revealed a longer 
ciiculation time, an increased cutaneous temperature, a decreased rectal temperature 
and a fall m blood pressure and m pulse rale follow ing the operation 

Warren and his colleagues -- studied the blood flow m the arm of a normal 
person in wLom procaine hydrochloride had been injected b} the paravertebral 
route into the sympathetic ganglions supplying the right upper extremity Obser- 
vations w^ere made on two separate occasions, and measurements were taken before, 
dm mg and aftei the anesthetization Complete absence of vasomotor activity in 
response to sensory stimuli oi deep inspiration indicated complete paralysis of 
the sympathetic ganglions supplying the light hand This paralysis produced a 
striking increase in blood flow After the effect of the procaine had passed away, 
the right hand was immersed in water at a tempeiature of 43 C Local heat 
produced the same increase in blood flow m the right hand as had paralysis of the 
sympathetic ganglions The fact that a complete blocking of the sympathetic 
ganglions produces full vasodilatation in the hand demonstrated to the authors 
that inhibition of sympathetic activity is sufficient to explain the vasodilatation 

19 Abramson, D I , and Fierst, S M Arterial Blood Flow in Extremities with Vari- 
cose Veins, Arch Surg 45 964 (Dec ) 1942 

20 Friedland, C K , Hunt, J S , and Wilkins, R W Effects of Changes in Venous 
Pressure upon Blood Flow in the Limbs, Am Heart J 25 631 (Alay) 1943 

21 Evans, W F, and Stewart, H J The Peripheial Blood Flow in a Case of Adrenal 
Pheochromocj toma Before and After Operation, Am Heart J 24 835 (Dec) 1942 

22 Warren, J V , Walter, C W , Romano, J , and Stead, E A , Jr Blood Flow in 
the Hand and Forearm After Paravertebral Block of the Sympathetic Ganglia Evidence 
Against Sympathetic Vasodilator Nerves in the Extremities of Man, J Clin Investigation 
21 665 (Nov) 1942 
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which occuis in the hand when the body is heated The authors saw no necessity 
for postulation that the sympathetic neives to the hand contain vasodilator fibers 

In the foieaim, paravertebi al injection of procaine hydrochloride into the 
sympathetic ganglions caused a sixfold increase in blood flow A similar increase 
in blood flow was pioduced by immersing the foreaim in hot water This indi- 
cates again that the removal of all sympathetic impulses to the vessels of the foieaim 
produces as great use in blood flow as does heating the part Inhibition of vaso- 
constriction alone can explain the phenomenon The fact that neithei heating the 
forearm nor injection of procaine into the sympathetic ganglions produced maximal 
dilatation m the forearm indicated to the authors that many of the vessels of the 
foreaim aie not undei the control of the sympathetic nervous system They 
suggested that the vessels of the skin of the forearm are under the contiol of the 
S3anpathetic nervous system and that those of the muscle are not 

Diagnostic Tests — Goetz-® describes a new ergograph with which a claudica- 
tion index can be ascertained Studies weie made on noimal persons as well as 
on patients with inteimittent claudication For 97 pei cent of those with claudica- 
tion the index was below 40 This appaiatus appears simple, and the claudication 
index affords considerable oppoitunity for investigators inteiested m evaluating 
vaiious therapeutic agents 

Cii culation Time — Hussey, Cyr and Katz compared solutions of alpha lobeline, 
calcium gluconate and magnesium sulfate foi purposes of measuring the cii culation 
time fiom the arm to the tongue The measurements were made on SO noimal 
persons and on 50 patients with heart failure Alpha lobeline gave somewhat shorter 
measurements than calcium gluconate and magnesium sulfate foi both groups of 
subjects but failed to provide an end point more often than either of the other 
drugs Furthermore, the fact that it sometimes measured the aim to lung circu- 
lation time seems to detract from its value for routine use Its chief advantage 
consists in the objectivity of its end point Calcium gluconate and magnesium 
sulfate gave approximately equal results They seem to be equally valuable for 
routine use in measurements of the arm to tongue circulation time, and perhaps 
are more valuable in this respect than alpha lobeline 

Elek and Solarz have added papaverine to the numerous agents used for 
measuring circulation time in man They consistently obtained a sudden deep 
inspiration after the injection of 40 mg (1 25 cc ) of papaverine hydiochloiide 
intravenously The arm-respn atorj^ center circulation time was thus obtained, 
as with sodium cyanide The average time for 50 normal persons without evidence 
of heart failure was 20 8 seconds, the range extending fiom 15 4 to 27 0 seconds 

Wilburne i einvestigated the pioblem of the effects of postuie on the circula- 
tion time, using calcium gluconate and measuring the velocity of blood flow 
from the arm to the tongue In his studies, the time was measured with the patient 
in the recumbent position and again with the patient comfortably sitting with both 

23 Goetz, R H Ergographic Studies Description of New Device, and Observations 
on Normal Subjects and on Patients with Intermittent Claudication, Am Heart J 23 782 
(June) 1942 

24 Hussey, H H , Cyr, D P , and Katz, S The Comparative Value of Calcium 
Gluconate, Magnesium Sulfate, and Alpha Lobeline Hydrochloride as Agents for ?ileasure- 
ments of the Arm to Tongue Circulation Time in Fifty Patients With and Fifty Patients 
Without Heart Failure, Ann Int Med 17 849 (Nov ) 1942 

25 Elek, S R, and Solarz, I D The Use of Papaverine as an Objective Measure of 
Circulation Time, Am Heart J 24 821 (Dec ) 1942 

26 Wilburne, M The Effects of Posture on the Velocity of Blood Flow from Arm to 
Tongue, Am Heart J 24 816 (Dec ) 1942 
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legs depeiadent ovei the edge of the bed A total of 73 measurements ^\ele taken 
Two types of results were obtained For patients whose ciiculation time m the 
recumbent position is normal, the value in the silting position is higliei, wheieas 
for persons whose ciiculation time in the recumbent position is prolonged, the 
time 111 the upiight position tends to be lower The authoi believes that these 
findings substantiate the observations that the minute caidiac output is less in 
the sitting and standing positions than in the lecumbent position In the patients 
who aheady have a piolonged circulation time m the recumbent position, especially 
those with congestive heart failure, a change in position to the upright produces a 
pooling of blood in the lower eKtieimties, lessens pulmonary congestion and 
decreases the circulation time 

DICOUMARIN 

Link and his associates"’' weie the fiist to isolate an active hemoiihagic agent 
from spoiled sweet clovei, which is now known as dicoumann (3,3'-nieth}Iene- 
bis-[4-hydroxycoumarm] ) Hencefoith in this review it will be lefeired to as 
dicoumann This is a white ciystalline substance slightly soluble in water but 
readily soluble in alkaline solution The chemical expeiimcnts on it are too 
numeious to include in this leview and will be omitted Considerable pharmacologic 
and clinical studies have been reported, and these will be biiefly reviewed 

This compound has been administered to hundreds of laboiatoiy animals and 
used clinically on a large number of human beings and the repoi ted results ha\ e been 
fairly consistent"® The authors agree that the effect of dicoumann appeals to 
be on prothiombin only There is usually an associated delay in the coagulation 
time The substance is active whether given orall) oi intravenously, and there 
is usually a lag of fiom twenty-four to seventy-two houis before the action of the 
drug is measurable Fresh transfusions of seium oi whole blood wall cause a 

27 Campbell, H A, and Link, IC P Studies on the Hemorrhagic Sweet Cloicr Dis- 
ease IV The Isolation and Crystalhration of the Hemorrhagic Agent, J Biol Chcm 138 
21 (March) 1941 Stahmann, M A , Huebncr, C F , and Link, K P Studies on the 
Hemorrhagic Sweet Clover Disease V Identification and Sjnthcsis of the Hemorrhagic 
Agent, ibid 138 513 (April) 1941 

28 (a) Bingham, J B , Meyer, O 0 , and Pohlc, F J Studies on tlie Hemorrhagic 

Agent 3,3'-Methylene-Eis-(4-Hydro\ycoumann) I Effect on the Prothrombin and Coagu- 
lation Time of the Blood of Dogs and Humans, Am J M Sc 202 563 (Oct) 1941 (b) 

Meyer, O O , Bingham, J B , and Pohlc, F J The Effect of tlic Sj nthetic Dicoumann 
3,3'-Meth3lene-Bis-(4-Hjdro\ycoumarin) on the Prothrombin Time and Coagulation Time, 
JAMA 118 1003 (March 21) 1942 (c) Butt, H R , Allen, E V , and Bollman, J L 

A Preparation from Spoiled Sweet Clover [3,3'-Mcth}denc-Bis- (d-Hj'droxjxoumann) ] Which 
Prolongs Coagulation and Prothrombin Time of the Blood Preliminary Report of Experi- 
mental and Clinical Studies, Proc Staff Meet , Maj'o Clin 16 388 (June 18) 1941 (d) 

Barker, N W , Butt, H R , Allen, E V, and Bollman, J L The Effect of 3,3'-Meth>lene- 
bis (4-Hydro\ycoumarin) on Blood Coagulation Factors, JAMA 118 1003 (March 21) 
1942 (e) Allen, E V , Baiker, N W, and Wtiugh, J M A Preparation from Spoiled 

Sweet Clover [3,3'-Methylene-Bis-(4-Hydroxycoumarin)] Which Prolongs Coagulation and 
Prothrombin Time of the Blood A Clinical Stud}', ibid 120 1009 (No\ 28) 1942 (/) 

Prandoni, A, and Wright, I The Anti-Coagulants, Bull New York Acad Med 18 433 
(July) 1942 (g) Wright, I S , and Prandoni, A The Dicoumann 3,3'-Methylene-Bis- 

(4-Hydroxycoumann) Its Pharmacologic and Therapeutic Action in Man, JAMA 
120 1015 (Nov 28) 1942 (/i) Butsch, W L, and Stewart, J D Clinical Experiences 

with Dicoumann 3,3'-Methylcne-Bis-(4-Hydroxycoumarin), ibid 120 1025 (Nov 28) 1942 
(t) Townsend, S R , and Aliils, E S Effect of Synthetic Haemorrhagic Agent, 3,3'- 
Methylene-Bis-(4-Hydroxycoumann), in Prolonging Coagulation and Prothrombin Time in 
Human Subject, Canad M A J 46 214 (March) 1942 (;) Davidson, C S , and MacDonald, H 
An Evaluation of the Use of Dicoumann [3,3'-Methylene-Bis-(4-Hydroxycoumann)] as an 
Anticoagulant and Its Effect on Certain Plasma Constituents, J Clin Investigation 21 644 
(Sept) 1942 
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piompt lowering of the prothrombin and coagulation tunes, but occasionally this 
eftect IS not sustained and several transfusions may be necessary Vitamin K 
has no effect on its piothrombin activity 

Pharmacologic studies leveal that it has no effect on hepatic oi lenal function 
blood sugai, the erythrocyte oi leukocyte count, the concentiation of bihiubm 
01 calcium m the blood serum, the value foi nonprotein nitrogen m the blood, 
the icteius index, the fi agility of the er^thiocytes or the number of blood platelets 
The sedimentation rate is usually increased, and the clot leti action is occasioiialh 
letaided The bleeding time is not influenced, and although small doses ha\e no 
influence on the coagulation time, laigei doses tend to piolong it Theie is con- 
sideiable contioversy as to the effect of this substance on the hvei, especially after 
prolonged administration of fatal doses When it has been administered coriectly 
no demonstiable clinical evidence of hepatic disease has been noticed Bingham, 
]\Ie}ei and Pohle^®*^ repoit only modeiate hydropic degeneration of the hvei when 
fatal doses of dicoumarm were given Rose, Hams and Chen-® found central 
neciosis of the liver m about one half of the rats which had died of fatal doses 
Postmoitem studies made by Richards and Cortell on a gioup of dogs, monkeys 
and guinea pigs that had received dicoumarm levealed neciosis of the hvei On 
the other hand, animals dying of spoiled sweet clover disease show no evidence 
of pathologic change m the liver The majority of authois agree that the drug 
pioduces little, if any, damage to the liver and that when such damage is piesent 
It IS usual!} secondaiy to local hemorrhage 

The mechanism by which dicoumarm causes hemorrhage appeals to be fanl\ 
conclusive It inhibits the action of prothiombm by destroying it or by inhibiting 
Its production If enough dicoumarm is given, the coagulation time is prolonged 
and bleeding may develop It produces a hemorrhagic syndrome unlike any other 
type Wright and Prandom studied a number of patients who had received 
sufficient dicoumarm to produce this hemonhagic tendency They found the 
incidence of toxic reactions to be uninfluenced by age, sex or malnutiition Theie 
was no increase in capillary fragility, no change m gastric acidity and no dis- 
tui bailee m renal or hepatic function Davidson and MacDonald®^ were likewise 
unable to find a relationship between this abnormal clotting mechanism and othei 
coagulation factors, namely foreign surface, platelets, “globulin substance” and 
plasma proteolytic enzyme Like other investigators of this drug, they were unable 
to find any effect on the picture of the blood, hepatic function oi plasma piotems 
McGint}-, Seegers, Pfeiffer and Loew noted that purified beef piothiombm 
was capable of counteracting the hypoprothrombmemia induced m dogs by oral 
admmistiation of dicoumarm These authors considered the phenomena as pure!} 
a method of replacing the prothiombm, as the beef substance was as easily destioyed 
as the dogs’ own plasma pi othrombin 

The doses used by the various authors have been somewhat similar Bingham 
and Meyer advise an initial dose of 5 mg per kilogram followed by daily admm- 
istiation of 1 5 mg pel kilogiam They found that 4 mg per kilogiam at mtenals 

29 Rose, C L , Hams, P N , and Chen, K K Toxicity of 3,3'-Vethylene-Bis-(4- 
Hydroxycoumann), Pioc Soc Exper Biol & Med 50 228 (June) 1942 

30 Richards, R K, and Cortell, R Studies on Anticoagulant 3,3'-Methylene-Bis-(4- 

Hydroxycoumann) , Proc Soc Exper Biol & Med 50 237 (June) 1942 

31 Davidson, C S , and MacDonald, H A Critical Study of the Action of 3,3'-Methylene- 

Bis-(4-Hydroxycoumarin) (Dicoumarm), Am J M Sc 205 24 (Jan) 1943 

32 McGinty, D A , Seegers, W H , Pfeiffer, C C, and Loew, E R Plasma Pro- 
thrombin Concentration in Dogs Given 3,3'-Methylene-Bis-(4-Hydrox}coumarin) and Purified 
Beef Prothrombin, Science 96 540 (Dec 11) 1942 
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of thiee to five days was adequate to inciease the ptothionibin time when given 
intiavenoiisly The lattei method of administration was not recommended as it 
has no advantage ovei the oial route and does not shorten the latent peiiod Allen 
and his colleagues administered 200 to 300 mg on the first day, 200 mg on the 
second and additional on the third day if the pi othi ombm time wan ants it Wright 
and Piandom administered 200 mg daily foi three days, at which time an ade- 
quate piothiombin time was noted Butsch and Stewait-®'' used 300 mg on two 
successive days and obtained the desiied lesults Two hundred milligrams on two 
successive days was lecommended for children Frequent deleiminations of pro- 
thiombm time aie necessai}'’ and leadings in excess of thirty-fi\e seconds or 25 
per cent of normal aie unwise Optimum levels ate between thirty and thirty-fire 
seconds, and if the level falls below thiit) seconds a dose is indicated The early 
signs of toxicity aie usually lassitude and geneial malaise, and these are followed 
latei by hemoiihagic tendencies With the afoiementioned methods of administia- 
tion the piolhiombm time can be expected to remain piolonged from seven to ten 
days When lapid anticoagulation is desired, combined administration of hepaiin 
and dicoumaiin is advisable When the tw^o substances aie used together, the 
hepaim is given inti avenousl} and discontinued at the end of the latent period for 
dicoumaim As hepaim has no effect on the piolhiombm time, this j^ciiod is 
easily ascertained 

Stats and Bullow^a^-' noted the effect of a single dose of dicoumarm on 39 
patients The dosage varied from 400 mg for patients w'eighing 130 pounds 
(58 5 Kg) 01 less and 600 mg to patients weighing over 160 pounds (72 Kg) 
They noted a pi elongation of the coagulation time and a lowering of the pro- 
thrombin index of the blood for approximately six days, beginning between twent}'- 
four and seventy-tw'O hours aftci the drug w'as administered At the height of the 
action of the drug the coagulation time vaiied between sixteen and fort\-two 
minutes, in most cases being lietw'een tw'ent\-two and twent\-six minutes The 
prothrombin index varied from 100 per cent to 10 pei cent of normal 

There seems to be little doubt that dicoumarm pi events intravascular thioinbi 
Dale and Jacques®^ iveie among the fiist to demonstiate this phenomenon in 
dogs In one series of dogs thrombosis was produced successfully by crushing 
the vein, whereas among dogs receiving dicoumaim 60 per cent were completely 
free of thiombi In anothei senes, thiombosis wms pi evented in a seiies of glass 
cells inseited between the carotid alter} and the jugulai vein Bollman and 
Pieston®® confiimed this wdien they noted that glass cannulas mteiposed between 
tw'o ends of an aiteiy aie seldom occluded b} thioinbi when animals ha\e lecened 
dicoumaim Richaids and CoitelP® found that dicoumarm gieatly reduced the 
incidence and degiee of thioinbus foimation following the intravenous injection ot 
ethanolamine oleate 

The indications foi the use of dicouinaiin are similai to those of hepaim Its 
chief advantages ovei hepaim aie its ease of admmistiation and its low cost Its 
mam disadvantage is the piolonged action aftei administration of the diug is 
discontinued It is used therapeuticall} in an efloit to prevent aiterial and venous 
thrombosis It has been used in cases of pulmonaiy embolism and infarction, 

33 Stats, D, and Eullowa, J G M Effect of Single Dose of 3,3'-MethjIene-Bis-(4- 
HydroxYcoumarin) upon Blood Coagulation in Humans, Proc Soc Exper Biol &: Med 
50 66 (May) 1942 

34 Dale, D U, and Jacques, L B The Prevention of Experimental Thrombosis bj’’ 
Dicoumarm, Canad M A J 46 546 (June) 1942 

35 Bollman, J L, and Preston, F W The Effects of Experimental Administv ation of 
Dicoumarm, JAMA 120 1021 (Nov 28) 1942 
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pi eopei alive and postopeiatne thrombophlebitis, vaiious peiipheral vasculai dis- 
01 del s, acute coionai)- thrombosis and subacute bacteiial endocarditis Baikei, 
Allen and Waugh used it m 497 surgical cases m which vascular complications 
seemed likely In only 4 cases did thrombosis or embolism develop, and in 3 of 
these it was difficult to secuie a satisfactoiy iiiciease in piothrombin time Hemor- 
rhage was a complication m 47 of these cases, but it was minor in 29 and model ate 
to seveie in only 18 (fatal m only 1) Bingham, Meyer and Howard^" gave 
dicoumaim to 105 patients and found it satisfactory and safe They administeied 
10 Gm o\er a ninety day peiiod to a patient with thromboangiitis obliterans 
and obtained S}anptomatic impi ovement Lehmann has used it successful!}'’ in 
Sveden, where is is known as A P (antiprothiombm) Butsch and Stewait 
have also used dicoumai m extensively In a i ecent ai tide they repoi t admm- 
isteiing it to 23 male patients one oi two days prior to doing a heiniorihaphy The 
operation vas completed without complications, as excessive bleeding was not 
encounteied and healing occuired as normally expected The ptiipose of this 
study was to demonstiate the safety of the diug when given pi eopei atively, espe- 
cially to patients in whom postopei ativ^e complications are anticipated Lastly, 
DeBakey,^° m a i ecent editorial, warns against overenthusiasin m the prevention 
of postoperative vasculai accidents with anticoagulants in geneial, lemincling his 
leadeis of the noimally low incidence of these complications 

Theie aie certain definite contraindications to the use of dicoumai in It should 
not be given to patients with renal insufficiency, purpura of any type, a blood 
dyscrasia with a tendenc} to bleeding, existing prothrombin deficiency (such as 
may occur in jaundice due to hepatic disease or malnutrition) oi, lastly, subacute 
bacteiial endocarditis It is needless to mention its contraindication for patients 
with ulcerative oi open lesions or with continuous gastric drainage or persons 
for vhom a surgical opeiation is contemplated during the next two weeks 

ARTERIOSCLEROSIS 

Lake and his colleagues leport their observations on the lelationship of 
arteriosclerosis and vaiicose veins to the occupational activities of employees 
in a large department stoie Five hundied and thirty-six persons were studied 
who had been at a particular t}pe of woik foi ten years oi more They were 
grouped according to age and according to the mannei in which they woiked, 
namely standing, sitting, walking oi climbing staiis All of these persons were 
ovei 40 yeais of age, 305 weie men and 231 women The ciiteiia for diagnosis 

36 Barker, N W , Allen, E V, and Waugh, J M The Use of Dicoumaiol [3,3'- 
Methylene-Bis-(4-Hjdroxycoumann)] m the Prevention of Postoperative Thrombophlebitis and 
Pulmonary Embolism, Proc Staff Meet , Mayo Chn 18 102 (April 7) 1943 

37 Bingham, J B , Meyer, O O , and Howard, B Studies on the Hemorrhagic Agent 
3,3'-Methylene-Bis-(4-Hydroxycoumarin) III A Report on Further Clinical Obsenations, 
Am J M Sc 205 587 (April) 1943 

38 Lehmann J Hypoprothrombinemia Produced by Methylene-Bis-(4-Hydroxycoumarm) 
Its Use m Th^mbosis, Lancet 1 318 (March 14) 1942 Hypo-Prothrombinemia Produced 
by 3,3'-Meth>lene-Bis-(4-H>droxycoumarin) and Its Use in the Treatment of Thrombosis, 
Science 96 345 (Oct 9) 1942 

39 Butsch, W L, and Stewart, J D Administration of Dicoumarm Compound for 
Prophylaxis of Postoperative Thrombosis and Embolism A Preliminary Report, Arch Surg 

45 551 (Oct) 1942 , ^ 

40 DeBakey, M Dicoumarm and Prophylactic Anticoagulants m Intravascular Throm- 
bosis, Surgery 13 456 (March) 1943 

41 Lake, M, Pratt, G H, and Wright, I S Arteriosclerosis and Varicose ^'ems, 
JAMA 119 *696 (June 27) 1942 
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weie a histoiy of inteimittent claudication, finding of rubor on dependency and 
palloi on elevation, absence of pulse, low oscilloineti ic leadings aftei lelease ot 
any abnoimal spasm, and evidence of aiteiioscleiosis as shown by i oentgenograms 
Foity-six per cent of the men and 20 pei cent of the women weie found to have 
evidence of aiteiioscleiosis by these ciiteiia In 177 ai tenosclerosis was noted 
roentgenologically, and it was the sole evidence of arteiioscleiosis in 147 The 
oscillometer revealed little evidence of pathologic change in the group as a whole, 
but it was lesponsible for detecting a laigei peicentage of arteiial disease in women 
than in men Statistical differences weie moie significant m the younger age 
gioup (40 to 49) In this group, staii climbing produced a highei incidence of 
arterioscleiosis than did standing, sitting or walking Ovei the age of 50 little 
dififeience w^as noted in the occupational incidence The use of tobacco and alcohol 
had no influence in the occunence of aiteiioscleiosis in this senes A relationship 
w as found to exist betw''een the incidence of hypei tension and that of arteriosclerosis 
of the lowei extremities Women show^ed a much higher incidence of vaiicose 
•veins than men emplo)’’ed at the same occupation This difference held true even 
when the factor of pregnane}'’ was removed fiom the data Women wdio had been 
pregnant showed a highei occunence of A'aiicose leins than w'omen w'ho had neiei 
been piegnant Vaiicose veins weie common in this senes, being noted in 40 7 
pel cent of men and 73 2 per cent of women Women who stood or w'alked show'ed 
a highei incidence of varicose veins than those who sat at then woik This w'as 
not noted in men It is interesting that the incidence of arteriosclerosis of the 
leg a teiies in men was highei in those with varicose Acins, but this could not 
be statistically established for w'omen 

Sappington and Fishei report on the Aasculai lesions of 44 amputated gan- 
grenous legs The specimens w'cie obtained fiom patients wuth ai tenosclerosis 
obliterans The gross study revealed an extraoidinary amount of arterial occlusion, 
aA'eraging 44 pei cent of the entire length of the anterior tibial, posterioi tibial 
and peroneal aitenes The aveiage number of "vessels occluded pei case w'as tAvo 
and three-tenths The occluding lesions apparently represented A'arious stages and 
regressions of organizing obstructiA'e clots Atheroma did not appeal to be a 
participating feature, as vessels AVith the highest incidence of atheroma exhibited 
the loAvest percentage of occlusions while those Avuth the higliest incidence of closure 
piesented the least degree of atheromatous deA'elopment Calcification AV'as found 
to be the outstanding lesion in the media It Avas demonstrated in 100 per cent 
of 38 cases roentgenologically and in 98 per cent of 44 cases microscopical!} Bone 
foimation m the media of the peripheial arteiies Avas found m 70 pei cent of the 
cases The authois expressed the opinion, on the basis of their studies, that the 
attempt at bone formation in a large pait precedes and does not foIloAv calcaieous 
deposition m the media 

Dauber and Katz Avere able to pioduce atheiomatous Avascular lesions in chicks 
by feeding the birds an adequate diet plus 2 5 to 5 per cent of cholesterol in cotton- 
seed oil Atheromatosis developed rather rapidly, usually beginning on the fort}-- 
second day In this study a group of 24 cockerels 10 days old Aveie studied, of 
Avhich half were used as controls In none of the latter group did vascular lesions 
develop In 7 of the 12 cholestei ol-fed buds atheromatous deposits deA'eloped m 
the aoita Of these 7 chicks, 3 had intimal atheiomatous lesions in the coronary 

42 Sappington, S W , and Fisher, H R Arteriosclerosis Obliterans, Arch Path 34 989 
(Dec) 1942 

43 Dauber, D V , and Katz, L N Experimental Cholesterol Atheromatosis in an 
Omniverous Animal, the Chick Arch Path 34 937 (Dec ) 1942 
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aitenes with lesultant nan owing of the lumens of the vessels In 2 of the 7, similai 
changes weie noted in the splenic aiteiies Unfortunately, only a small number of 
chicks weie studied, but it is significant that the pathologic changes which were 
pioduced lesembled those found in older chickens It also lends suppoit to those 
mvestigatois who expei imentally produced atheroma in labbits and other animals 
with cholesteiol 

Hueper has continued his studies on the relationship between physicochemical 
colloidal distui bailees of the plasma and the development of vascular atheromatosis 
and 01 game thesaurosis In this study the colloidal solutions of pectin, a macro- 
molecular caibohydiate, were injected intravenously into rabbits and dogs and the 
effects on the blood and the internal organs were noted The solutions were either 
freshly piepared or autoclaved The immediate effects produced on the blood by 
either type weie a colloidoclastic leukopenia, acceleration of eiythrocytic sedimenta- 
tion and a moderate shortening of clotting time When the freshly piepared solu- 
tions of pectin weie injected into the animals, not only did a marked foam cell 
storage phenomenon develop in the spleen, kidneys and bone maiiow, but a foam 
cell athei omatosis of various artei les was also noted Oldei vasculai lesions of this 
oiigin are characterized by hyaline intimal thickening with or without calcification 
and by hyaline necrosis and calcification in the media underneath When the 
autoclaved pectin solutions were injected only minor changes vere noted in the 
pieviously mentioned organs The author explains this difference by the fact that 
heat will markedly depolymerize pectin solutions and will thereby destroy much 
of their maci omoleculai characteristics and oiiginal physicochemical propel ties 

Schlossmann^® demonstrated that the fibiinoid material within artenoscleiotic 
aoitas and peripheial vessels of the lower extiemities was not a tiue serum fibrin 
This was done by subjecting the material to tiyptic digestion He also presents 
evidence to show that the fibrinoid substance in these vessels was pai Hally neci otic 
collagen 

THROMBOANGIITIS OBLITERANS 

The dynamics of blood flow in 7 patients with thromboangiitis obliterans was 
studied by Landowne Measurements were made by the plethysmographic 
method The lesting blood flow in the horizontal position in the feet of these 
patients was found to be within noimal limits, but the maximal volume flow of 
blood consequent to ceitain dilating procedures was found to be less than that 
observed in noimal peisons These conclusions were drawn fiom the observation 
that after the release of aiterial occlusion in the thigh an initial decrease in blood 
flow was noted and could not be prevented by local heat or by sympathetic gan- 
glionectomy Although there was no evidence to indicate that the dilating pro- 
cedures which were used did not pioduce dilatation of the small vessels, the author 
considers the possibility that these procedures may evoke abnoimal responses in 
this disease, both qualitatively and quantitatively The initial deciease in blood 
flow consequent to release of arterial occlusion may be caused by the factor just 
mentioned, by a peripheral vasoconstiictor effect of ischemia or, most likely, by a 
local constrictive response of the majoi vessels Since the last two factors may be 
active in the normal subject, this constrictive response need not of necessity be 
caused by thiomboangiitis obliteians, but at least it becomes manifest in this disease 

44 Hueper, W C Experimental Studies in Cardiovascular Pathology V Pectin 
Atheromatosis and Thesaurosis in Rabbits and in Dogs, Arch Path 34 883 (Nov ) 1942 

45 Schlossmann, N C Fibrinoid Necrosis in Arteriosclerosis, Arch Path 34 365 
(Aug) 1942 

46 Landowne, M Dynamics of Blood Flow in Thromboangiitis Obliterans, Am Heart J 
24 50 (July) 1942 
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Jabsman and Diuham caution the phj^sicians examining young men of draft 
age to be on the aleit for thiomboangntis obhteians, especially if men complain of 
symptoms lefeiable to the circulation In seven months the authois encountered 
7 such persons One foot or leg was mvaiiably moie involved than the other In 
some cases the S}mptoms weie only in one digit None of the subjects showed 
complete occlusion of the larger arteiies 

Mills reports an inteiestmg case histoiy of a man 37 yeais of age who com- 
plained of aching and numbness in the left calf on walking On physical examina- 
tion he was found to have occlusive vascular disease m the left leg Piior to this 
illness the patient had used a pneumatic hammei in dulling rock and was in the 
habit of piessing the hammei down with his left foot The leg was subsequently 
amputated, and the author leceived the ic])ort that the pathologic picture \\as 
compatible with thiomboangntis obhteians 

GLOMUS TLMOKS 

Glomus tumois aie lepoited by Loeb,*'* Scully and Ottlej No new ideas 
aie piesented 

PERIARTERIIIS XODOSA 

Ver}’- little has been added to the knowdcdge of periaitentis nodosa during the 
past year, excepting some additional evidence of the role of hypei sensitivity m its 
causation, presented by Rich Additional cases are reported by ten groups of 
authors, but the)'’ wnll not be mentioned 

Krupp uses the term “visceral angiitis" to designate the gi oup of disorders 
featured by peculiai lesions of small arteiies, namely peiiarteritis nodosa, lupus 
erythematosus disseminata, Libman-Sacks disease and the sjndromes described by 
Friedberg and Gross He studied a senes of 21 cases of this type, with special 
emphasis on quantitative studies of the urinary sediment b} the method of Addis 
In 7 cases no specific change in iirinar) sediment w'as discovered, but in 14 cases a 
singular picture of the sediment w'as obscived The uniqueness of this picture lies 
in the presence of led blood cells, red cell casts, oval fat bodies, fatty casts, broad 
casts and abnormal quantities of piotcin m the same specimen of urine The author 
dififerentiates the unnaiy picture fiom glomerulonephritis and other renal disorders, 
considering the unusual sediment to be of diagnostic A'alue in doubtful cases of the 
disorders just mentioned 

THROMBOPHLEBITIS 

A fatal case of tin ombophlebitis migians is repoiled by Birnbeig and Hansen 
The disease developed in a 14 jear old boj' wdio ultimatety died of mesenteric 
thrombosis Treatment wnlh hepaiin w’’as not successful Bacteiiologic studies gave 

47 Jahsman, W E , and Durliani, R H Recognition of Incipient Tliromboangiitis 
Obliterans in Young Draftees, Ann Int Med 18 164 (Feb ) 1943 

48 Mills, J H Pneumatic Hammer Disease in Unusual Location, Northwest Med 
41 282 (Aug) 1942 

49 Loeb, M J Glomus Tumor Report of a Case, J Florida M A 29 372 (Feb ) 1943 

50 Scully, J C Glomus Tumor, or Glomangioma, J Michigan M Soc 42 118 (Feb ) 
1943 

51 Ottley, C M Glomus Tumor, Brit J Surg 29 387 (April) 1942 

52 Rich, A R Additional Evidence of the Role of Hypersensitivity m the Etiology 

of Periarteritis Nodosa, Bull Johns Hopkins Hosp 71 375 (Dec ) 1942 

53 Krupp, M A Urinary Sediment in Visceral Angiitis (Periarteritis Nodosa, Lupus 
Erythematosus, Libman-Sacks “Disease”), Arch Int Med 71 54 (Jan) 1943 

54 Birnberg, V J , and Hansen, A E Thrombophlebitis Migrans, J Pediat 21 775 
(Dec) 1942 
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no due to the uiidei lying cause An allergic phenomenon was suggestive when the 
micioscopic study levealed an eosinophilic inflammation and swelling of the intima 
of an involved vein 

Hirschboeck and Coffey''^ studied 10 patients who had pulmonary emboli 
They consideied not only the hemodynamic factois, and local tiauma to tissues 
and blood vessels as etiologic agents in the development of phlebothiombosis and 
pulmonaiy emboli, but also anemia and elevation of blood fibrinogen and platelet 
levels as of equal impoitance These factors woiking together lesult m a rapid and 
poweiful clot letraction The stiength and lapidity of clot leti action aie peihaps 
lesponsible foi the loosening of thrombi from vessel walls and explain the coin- 
cidence of shoit clot leti action tunes with the occurience of pulmonary embolism 
Small amounts of heparin gieatly prolong the clot reti action time, and the authors 
believe that hepaim should be used proph)dactically for patients with short clot 
retraction times to i educe the incidence of pulmonary embolism 

Maynaid and Holhnger studied the platelet counts of 20 patients with vascular 
disoideis of the lowei extremities The majority of these patients had unilateial 
edema secondaiy to a venous disorder, ulcer, Schamberg’s disease or some other 
type of dermatitis The platelet counts were usually lowei in the blood of the 
aflfected extiemity than m that from the opposite extremity or the lobe of an ear 
As the local diminution in platelets often paiallels the local clinical conditions, in 
the authois’ opinion this laboiatory piocedure is of theiapeutic and prognostic 
significance Unfortunately the platelet counts weie so vaiiable that one questions 
the accuracy of the proceduie 

VASOSPASTIC DISORDERS 

Lmenthal reports 2 additional cases of pulmonaiy fibrosis associated with 
Raynaud’s disease One patient, under observation, showed pulmonary fibiosis by 
1 oentgenograms and studies of the pulmonary dynamics The other, at postmortem 
examination, showed extensive pulmonary fibrosis, with changes in the small vessels 
of the lungs that were consistent with the vascular changes found in the small digital 
aiteries in advanced stages of Raynaud’s disease 

Three interesting cases of inteistitial calcinosis circumsci ipta associated with 
sclerodeima and Raynaud’s disease weie leported by Beicow and PoppeU® The 
changes were demonstrated by interesting loentgenogiams 

The important roentgen features of scleroderma and acroscleiosis aie also pre- 
sented by Jackman These include calcinosis, pulmonary fibrosis and esophageal 
stenosis The last two conditions are questionable Jackman discusses sclero- 
deima, stressing the generalized aspect of the disease 

PALMAR ERYTHEMA 

Bean®° lepoits his obseivations on 11 additional cases of palmai erythema and 
cutaneous vasculai “spiders” In all of these cases there was a primaiy hepatic 
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or pulmonary disease In none of them was a familial history of palmar erythema 
obtained Although the author has insufficient data to support his hypothesis, he is 
of the opinion that these localized vasculai disturbances lesult fiom an abnormality 
in ciiculating estrogenic substances and othei 17-keto steioids Lofgren’s observa- 
tions lend some support to this theory He noted a palmar erythema in 3 preg- 
nant women uhich promptly disappeared aftei deliver}^ In 1 patient’s case an 
attempt was made to duplicate the condition about four months aftei delivery with 
large doses of estrogen Although a slight flushing of the hands developed, it was 
not as striking as that noted while the patient was pregnant Ti ostler has come 
to a different conclusion on palmar eiythema He noted it in 22 cases of pulmonary 
tuberculosis and in 1 case of nontuberculous empyema The eiythema was found 
to consist of dilated vessels, and Trostler considers it secondai> to circulating 
toxins, basing his conclusions on pieAuous experimental Avoik in wdiich capillary 
dilatation Avas produced in laboiatoiy animals Avith various bacterial toxins 

GANGRPNi: 

Riordan and his colleagues cite 3 cases of pellagra, all with unusual affected 
areas Of interest in this leview' is the case in wdiich local gangiene of the right 
great toe developed on the basis of a pellagrous deimatitis The toe was amputated, 
and the other cutaneous manifestations lesponded to nicotinic acid 

TREAXMENT 

The tieatment of certain vascular disorders is gradually undergoing revolu- 
tionary changes The use of cold rather than heat has been found to be of value 
in the treatment of frostbite and immeision foot, and it appears likely that it may 
play a more prominent lole in the therapy of othei organic peripheral vascular 
disorders in the future Bigelow,®* in an excellent survey and discussion ot the 
literature on the physiology and treatment of frostbite, expi esses the belief that one 
should not neglect the specific theiapy already shown to be useful bj’’ prewous 
investigators His conclusions Avere diaAvn fiom a icAuew of the literature and 
not from clinical study Many of the methods referred to by Bigelow are losing 
then popularity, especially in the tieatment of occlusiA’’e Avascular diseases 

Greene has continued to adA^ocate the use of cold in the treatment of frostbite, 
immersion foot and trench foot He has designed a refngeratoi for the treatment 
of these conditions but has not been able to give it a clinical tiial Like others, 
Greene considers that frostbite and immeision foot differ only in degree of expo- 
sure In the formei, capillary damage is so severe that destruction of tissue is 
inevitable and no amount of therapy aviII restore the necrotic element The remain- 
ing viable tissue usually responds to a cool eiwironment In immersion foot and 
trench foot, the tissues are merely in a "state of chilling,” and, although the capil- 
laries are affected, reversible changes occur and healing can be expected 

Reports on successful tieatment of peripheral Avascular disease AVith endocrine 
products continue to make then appeal ance in the literatuie These studies have 
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in geneial been pooily conti oiled Peiiods of treatment have been of long duiation, 
and objective evidence of improvement, with oi without the aid of the vaiious 
mechanical devices, has been meager Subjectively, the patients usually feel better 
Walkei,°® 111 a leceiit article on the effect of sex hoimones m the treatment of 
various vasculai disoiders, included 14 patients with organic peiipheral vascular 
diseases These patients received androgenic and estrogenic substances In this 
gioup S patients showed maiked impiovement, 2 responded fairly well and 4 weie 
not benefited In 2 patients, with character istic thromboangiitis obhteians, the 
results were unusually good Beasei and Massed attacked the problem more 
scientifically They weie able to evaluate therapeutic results by measuring the 
patient’s ability to walk on a level surface at a given rate until claudication devel- 
oped Using this test, they found that testosterone propionate in doses up to 
150 mg a week did not prevent intermittent claudication m the lower limbs of 6 
patients with occlusive vascular disease 

Siiota°® used desoxycoi ticosterone acetate in the treatment of thromboangiitis 
obliterans and arteriosclerosis obhteians This form of therapy was used because 
of the possibility that the adrenal cortex hormone might change salt metabolism 
internally and produce an effect similar to that of the intravenous administration 
of hypertonic salt solution It is also claimed by many investigators that both of 
these preparations will increase the volume and lower the viscosity of the blood 
Twenty cases were studied, and the oscillometiic index, surface temperature and 
subjective improvement were used as criteria of cure The author considered the 
results encouraging From a study of his cases, however, this conclusion does not 
seem justified Some patients were objectively better but subjectively worse, and 
vice versa Improvement was certainly less than that reported with most of the 
established methods of treatment now available 

Fatherree and Hurst studied the effect of an insuhn-free, deproteinated pan- 
creatic extract on 15 patients suffering from intermittent claudication Nine of 
these patients suffered from thromboangiitis obliterans Injections of 3 to 5 cc 
weie given on alternate days, excepting to 1 patient, who received the solutions 
daily After an injection the authors were unable to ascertain a remarkable change 
in the blood pressure, pulse rate or digital cutaneous temperature Of the 9 patients 
with thromboangiitis obliterans, 7 weie improved clinically and 2 were unimproved, 
as indicated by the claudication tests performed Of the 6 patients with arterio- 
sclerosis obhteians, none had an increase in claudication time The authors finally 
concluded that the substance must be of value for some patients with intermittent 
claudication, but they were unable to pi edict which patient would benefit without 
a clinical trial 

Gorham and Chmenko made several laboratory and clinical studies on a new 
insuhn-free, histamine-fiee pancreatic tissue extract Surface temperature and 
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plethysinogi aphic studies were performed on dogs aftei intiavenous injections of 
this substance A tiansitoiy fall in blood piessure A\as first noted, followed by 
evidence of vasodilatation lasting as long as fift}'^ minutes When the extract -was 
administeied inti amuscularly, ven little effect on blood pressure was noted, but 
theie was some evidence of peiipheial \asodilatation In tests on an isolated 
smooth muscle in ox}genated Ringer-Locke solution lelaxation of the muscle was 
also noted on the addition of this panel eatic tissue cxtiact The piepaiation was 
then injected intramusculaily into 16 noimal persons A rise in cutaneous tempera- 
tuie and an mciease in aim volume were noted m all the subjects studied When 
the opposite hand w^as placed in cold w^atei foi thiit} seconds, far less a asoconstric- 
tion w’as noted after the tissue extract w^as used than in its absence The substance 
was then injected into persons sufteimg fiom vaiious t}pes of peiipheial \ascular 
disorders, mainl}’' vasospastic m origin Similar results wcie obtained in almost 
all of them Clmicall}’’ 8 recened complete sjmptomatic relief and 4 others recened 
only partial relief 

Uttal repoits his impressions of Soap Lake (Washington) as a spa foi the 
tieatment of thiomboangiitis obhteians It differs little from that of othei iinestiga- 
tors w'ho have studied this foim of tieatment Uttal concludes that the Soap Lake 
w^ater baths lia^e neither a beneficial noi a haimful effect on the cii dilation in 
thromboangiitis obhteians The onl} beneficial effect possible is due to the vaso- 
dilatation resulting fiom the tempeiature of the water (100 F ) Externall} Soap 
Lake water causes second degree burns of the skin if aj^phed m full concentiation 
for too long a time Internally the w'ater causes a hemonhagic gastioenteritis if 
taken by mouth in doses over the amount necessan to produce a mild laxatue or 
purgative effect The climatology and open outdooi life aie beneficial to patients 
with this disease, and it is inexpensive to li\e m the town of Soap Lake Uttal 
finally concludes that these factors defimtel) helped the patients ps}chologicall\, but 
in no other mannei 

The successful management of 30 patients with night cramps is reported b) 
Gootnick These patients were all ^etcians of World War I and w'ere in the 
fourth or fifth decade of life They suflcied from various diseases, mainl} arthritic 
Evidence of peripheral vasculai insufficiency could not be found Gootnick is of 
the opinion that the pain w as due to a lasting tetanic contraction of a muscle group 
secondary to a leflex stimulation fiom a neighboring focus of iriitation This focus 
could w'ell be an arthiitic joint, sciatic neuritis, a tiaumatic residuum or some other 
neighboiing diseased aiea In addition, muscles aie more likely to be overstretched 
wdiile a person is lying dowm, wdiich results in a tendency to recoil into spasm 
Blood calcium and phosphorus w^ere found to be within the normal limits Twentv- 
eight of the patients were afforded immediate lelief aftei an e\ening dose of 3 giains 
(0 19 Gm ) of quinine sulfate The othei 2 patients received onh partial alleMation 
After administiation of the diug was discontinued, 6 had an immediate recuirence 
and 10 had a recuirence wuthin three days By lesuming use of the diug relief was 
again obtained 

An excellent review on the effects of ladiation on the caidiovasculai sjstem 
has been compiled by Wairen In this leview he covers the liteiatuie on the effect 
of radiation on the normal heait and blood vessels 
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Linton was successful in preventing gangrene in a woman 58 } eai s of age in 
whom the arterial blood supply to the left leg was interrupted b} ligation of the 
hypogastric aiteiy and occlusion of the external iliac artery secondary to trauma 
Adequate arteiial circulation was reestablished by means of intermittent venous 
occlusion Long periods of occlusion and short periods of release were used 

Schaefer and Sanders describe a case of temporal arteritis which responded 
to the oscillating bed when other methods for the relief of pain had failed 

A case of penarteiitis nodosa apparently cured with sulfapyridine is repoited 
by Goldman and his colleagues 

By the local application of blood or concentrated plasma, Naide was able to 
lelieve pain quickly, reduce the inflammatory reaction and heal 9 of 15 chronic 
ulcers of the leg that had resisted previous treatment by other methods Ten of 
the ulcers were on an ischemic basis due to arteriosclerosis oi thiomboangiitis 
obliterans, and the lemaining 5 were of varicose origin Although the mechanism 
of action is unknown, the question arises as to whether the applied blood supplies 
nutrition or whether by its sealing the ulcers with a crust of blood a moie lapid 
healing process is initiated 

ARTERIAL HYPERTENSION 

While the problem of essential hypertension is far fiom solution, a good deal 
has been done during the last year to clarify the subject and to erase earliei mis- 
conceptions in legal d to its pathogenesis Scott still maintains that arterio- 
sclerosis and aiteiiolosclerosis of the renal vessels constitute the essential pathologic 
defect which is responsible for the development of hypertension He states that there 
IS no evidence that disease of either the central nervous system or the vegetative 
nervous system may be the cause of this disorder He appreciates the fact that 
there are other causes of hypertension than diseases of the kidney, and he empha- 
sizes that an elevation of systolic pressure such as is usually found in elderly people 
may be persistently well above the noimal without increasing the elevation of the 
diastolic pressuie This, of course, is essentially an atherosclerotic disease of the 
large elastic-coated blood vessels He still maintains that the phenomenon of hyper- 
tension as reproduced in animals in which the mam renal aiteries are constricted 
IS the exact counterpart of human benign essential hypertension, and he leminds 
the readei that even the clinical picture of malignant hypertension has been pio- 
duced in animals by further narrowing of the renal ai teries He suggests also that 
the failure to find evidence of renal arteriosclerosis in many instances of human 
hypei tension may well be due to the fact that sclerotic narrowing or other obstruc- 
tion to vessels proximal to the kidneys is the essential factor According to his 
conception, artei losclerosis in one form or another, and m one location or another, 
is the primary disease of which hypei tension is the manifestation This process 
when affecting the vascular system of the kidneys excites the humoral mechanism 
which produces widespread vasoconstriction, and thus causes hypei tension 
Whether this is of the benign oi the malignant type depends on the severit} of 
the vascular lesion in the kidney 
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Schroeder amplifies this view and states that arterial h}pertension is char- 
acteiized by mci eased peiipheral resistance owing to the piesencc of circulating 
pressoi substances in the blood These substances are leleascd by the ischemic 
kidneys They cause changes not only in the arleiioles but m the hemodynamics 
of the kidneys, leading to permanent artciiolar change His Mews clilTer from 
those of Scott m that he believes that functional spasmodic constriction of the 
aiterioles by nervous oi hormonal influence initiates the vicious circle wdiich 
subsequently leads to oiganic changes m renal ^esscls ^^'hen some oiganic renal 
ciiculatory impairment is aheady present, hypertension ma} result from c\cn a 
slightly intermittent increase in lenal ^asoconstllctor tone, whereas when the 
kidnejs are entirel} normal such actiMty peihaps induced through actnit} of 
the s}mpathetic nervous system may ha^e no influence in affecting a rise in blood 
pressure However, if such an increase in vasomotor activit) occurs repeatedh 
and frequently, it may be sufficient in intensity to initiate a sequence of events wdiich 
leads to the development of essential hjpertension 

If the functional element acts alone the course of the disease is likeh to be 
prolonged If there is an element of progressive stiuctural damage and the func- 
tional one continues to exeit an added influence, the course of the disease becomes 
more rapid and renal insufficiency mav appear carl} If both functional and 
structuial elements progress rapidh, malignant Inpertcnsion is the result 

Page’s view’s stiess the hoimonal character of the pathogenesis of Inpertcnsion 
lesulting from impaiiment of the blood flow thiough the kidncv He distinct!} 
lecognizes othei types of incie.iscd blood pressure and is inclined to believe that 
functional vasomotor or neurogenic factors ma} initi.atc the renal ischemia which 
lesults m the release from the kidne}s of the vasopicssor substances responsible foi 
subsequent rises in blood pressure In this paper, he rcv’iews particular!} his own 
vvoik and amplifies the evidence he has o])lained m this work for these views in 
legaid to the pathogenesis of In pci tension The} are not new and have been 
levievved before It is inteicsting to note, however, that he has found in a studv 
of the cardiodynamic effects of angiotonin that the} are piacticalh identical to those 
observed in primary v’asculai hypertension as measured b} the Iiallistocardiograph 
The similarit} of the tiacings obtained on poisons with Inpertcnsion and on jiersons 
whose blood pressure was normal but who vveic made hypertensive as a result of the 
admmistiation of angiotonin are striking m their similarity He emphasizes the 
fact that the heait is a pait of the vascular mechanism and thcretoie mav be e\i)ccted 
to lespond in much the same wa} that other parts of the vascular svstem react 
to piessoi substances His paper is simple and gives an easih understandable 
explanation of the essential mechanisms involved in the pioduction ol Inpertcnsion 
according to this theory 

Simonds discusses the renal jiathologic changes in h} jiertension and then 
clinical interpretation He states that arteriolosclerosis with narrow'iiig of the 
lumens of the afferent arteiioles of the glomeruli is the pathologic cqniv'alent ot 
hv pertension of long duration In the first stage he concedes that there is probablv 
a v’asoconstiiction involving these v’essels which is not demonstrable as a structura 
change He points out in this connection that the kidne}s have both vasocon- 
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stiictoi and vasodilatoi fibeis While there is little actual evidence that these haAC 
an active lole in the contiol of renal function, the fact that there is a structuial 
basis foi sympathetic renal activity leads to the belief that it must become effective 
when the proper stimulus is applied He also suppoits the theoi} of the mcious 
ciicle in hypei tension He states that “as long as the kidneys produce renin the^ 
lemain ischemic, and as long as they remain ischemic, they continue to produce 
lenin Vasoconstiictor impulses of any type, legaidless of then origin, may initiate 
this VICIOUS ciicle In the second and thud stages artenoloscleiosis is not infre- 
quent 111 many widespiead locations in the body, but it is only in the kidnejs that 
such changes have any constant association with hypei tension In the second stage, 
hypei ti ophy of the muscle coats and hyperplasia of the elastic laniinas of the aff ei ent 
aiteiioles are characteristic In the third stage, the wall of the arteiioles become 
transfoimed into hyaline tubes with nai rowed lumens In the two eailiei stages 
the vessels are still capable of response to vasomotor stimuli, while in the final 
01 hyaline, stage such a response is no longer possible 

Chasis and Redish have continued their important work on the function of the 
kidneys m hypei tensive subjects and on lenal blood flow’- They believe that impaii- 
ment of the lenal paienchyma occurs early in hypertensive subjects and then 
pioceeds in a paiallel manner m the tw^o kidneys Appaiently it does not follow 
the same pace in any two cases, but the decrease in blood flow in the tw^o kidneys is 
piactically the same They failed to find a single instance of unilateial ischemia 
in 21 subjects with hypertension whom they had selected at landom 

They also conclude that absolute reduction in renal blood flow in one oi both 
kidneys as measuied by the diodiast clearance does not necessaiily indicate that 
lenal ischemia is piesent They state that such a conclusion can be drawn onl}'’ if 
the blood flow^ for each unit of tubular excretoiy tissue can be evaluated 

They were unable to find any alteiatioii in the patterns of the ureteropu'logiams 
made on this group of patients They further warn that excretoiy tests wfinch 
compare the functions of the tw^o kidneys must be evaluated with caution, because 
any variation m the quantity of urinaiy flow fiom these kidneys of itself may account 
foi variations in the appeal ance time and lelative concentration of the dye and 
e^en m the appearance of the shadows noted in excretory pyelogiaph) 

Castleman and Smithwick studied the biopsy specimens obtained fiom the 
kidneys of 100 patients in the course of splanchnic lesection foi hypertension The 
most striking result of these obseivations was finding such a high pioportion of 
the renal biopsies in which there was no, or only minimal, degenerative disease in 
the vascular structures Medial hypertiophy was present in only 40 pei cent of the 
cases Peripheral arteriosclerosis was present in only 7 per cent of the grade I 
group, whereas 60 per cent was noted with giades III and IV Elevation of blood 
pressure precedes the development of structural disease of the blood vessels wuthin 
the kidneys, as well as of the peripheral arterioles It is therefore reasonable to 
believe that some vasoconstrictor mechanism carries on the ischemic process until 
renal vascular disease develops 'When this has become established hypertension 
becomes more severe, and the blood piessuies of persons in that stage become fixed 
at higher levels 
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Such results in the study of stuictuial defects could well be expected undei 
these conditions, foi the patients in this gioup wcie no doubt selected for splanchnic 
section because little oi no evidence of oiganic ^asculal disease could be detected 

It is also Intel esting to note that in this gioup adicnal tumors were found in 
7 patients The piesence of the tumois uas not suspected 

That hypei tension is an nnpoitant factoi in the development of arteriosclerosis 
IS indicated by the obseivations of Lake and his co-woikcrs,^’ who found that there 
uas a much higher incidence of this disease among persons with hypci tension than 
in those without 

The factor of age is also cmphasi7ed by Russek in discussion of the relation- 
ship of this factoi to inci cased blood pressure He found m a statistical anal} sis of 
blood pressure levels of 1,000 male subjects between the ages of 60 and 95 that 
theie w^as an evident increase in the average s}slohc and pulse pressures with age 
The diastolic piessure show'cd little vaiialion aftei the age of 65 The incidence of 
normal blood piessure, of 150 sjstolic and 95 diastolic or less, decreased with age 
Less than one half of the readings fell m this group The incidence of normal 
systolic pressuie increased wath age, w'liercas that of normal diastolic pressure 
showed a tendency to fall with age Arteriosclerosis apparently increased the 
incidence of sjstohc h}pei tension oiil} It is interesting to note that the life 
expectancy of the peisons wuth svstolic h}pertcnsion is of the same ordei as for 
those with noimal pressuie Diastolic In pci tension, on the other hand carries a 
much less favoiable prognosis Diastolic Inpcrtcnsion was found m less than one- 
quarter of the entire gioup 

Howell®® made essentially similar obseuations He stales that pronounced 
arteriosclerosis in the absence of s}stolic delation in blood pressure was usuall} 
associated wntli poor physical condition, and he found the systolic blood pressure 
elevated in more than 42 pci cent of his group of subjects 

Master®' and his asscRiates made another survc} on 15,000 persons of all ages 
The presence of hypei tension in peisons o\ci 40 is becoming increasing!) important 
because of the fact that main mure persons sur\ivc this age They ga\e further 
attention to the normal lc\d ol blood picssuie, and in their paper the) consider a 
fairly wide vaiiation The diastolic pressure was taken at the fifth phase the dis- 
appearance of tone They jouud \ciy much the same increase m s)stohc pressure 
according to age among men \ inajoiit} showed an incicasc of pressure beginning 
with the age of 60, although this often occurred as early as the age of 50 At 
the age of 50 there wcie a 50 per cent incidence of In pci tension in males and a 
62 pei cent incidence in females The incidence of hypertension lose with each 
decade of age up through the eighth, and in the case of systolic pressure onh . up 
thiough the ninth The presence of some inciease in blood piessuic be}ond the 
age of 40 is so common that in a mild dcgiec it can no longer be considered abnormal 
in then opinion 

Schioeder®® studied 50 patients with eail) stages of hypertension Thirt>-five 
of these patients weie under 30 years of age, and 15 w'ere undei 20 The} appar- 
ently piesented the earliest stages of the disease Renal disease m some form was 
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piesent in 74 pei cent, and Schioeder belieA^es that this incidence was not a coin- 
cidence but rathei an impoitant factoi in the genesis of the elevation of blood 
pressuie He thinks that oiganic vasciilai and renal diseases are thus intimately 
associated EIcA^en of these patients were found to show dysfunctions of the neivous 
system, and eveiy patient had abnoimal nervous tension of some type The onset 
of the inciease of blood piessuie in some cases was definitely associated AMth 
physical oi psychologic disturbances 

The familial tendency to hypei tension has long been a mattei of discussion 
Feldt and Wenstrand®® m an analysis of 4,376 insurance examinations ai rived at 
the conclusion that the incidence of familial cardiovascular disease Avas very shghtlv 
greater among hypertensive peisons than it was among peisons Avith noimal blood 
pressure 

The psychosomatic aspects of hypei tension are discussed by Weiss °° He 
states that two emotions are frequently closely i elated to hypei tension These are 
anxiety and rage He emphasizes the fact that rage is an emotion which has long 
been connected Avith high blood pressure In his opinion long-continued repressed 
rage may manifest itself through the circulatoiy system by elevation in blood 
pressure Hypei tension is one of the commonest disordeis of civilized life, and 
anxiety states aie no less common, therefore, from the standpoint of their fre- 
quency it IS not surprising that the tAvo aie piesent often in the same person It 
is his AueAv that repressed lage lesults m a psychologic conflict which pioduces the 
tension Avhich seems to be i elated to increased blood pressuie, and that this is 
chief among multiple factoi s that enter into the pathogenesis of the disease He 
emphasizes the fact that many of the symptoms of the hypei tensive patient are 
not necessarily due to the mciease in blood pressure but are due to the other 
associated disorders, both functional and physical The emotional factoi s are as 
important as the physical factoi s He stresses the frequent relationship of migraine 
to hypertension, and he believes that many of the seveie headaches associated 
with hypei tension may be on an emotional basis rather than due to any abnormal- 
ity of blood pressure All varieties of character and neurotic disturbances occur in 
hypertensive persons, but inhiliited aggiession seems to bear the most consistent 
lelationship to this symptom, and this may well be one of the impoitant factors 
initiating the development of the vasomotor disturbances of the primary phase of 
the disease 

In a discussion of the piognosis of hypertension a group of Avorkers headed 
by Daley classify the disorder in five major types renal, endocrine and vascular 
hypertension, hypertension due to disease of the central nervous s}'’stem, and the 
so-called essential hypertension, of unknown origin They consider that blood 
pressures above 140 systolic and 90 diastolic are definitely abnormal at any age 
The actual mortality exceeds the expected in a rapidly rising ratio for both sj'S- 
tohc and diastolic values above this level In the early stages of hypertension 
variability of blood pressure is well marked, but this initial variability is gradually 
succeeded by fixation at highei levels This Avould indicate the development of 
organic changes in the arterioles in the form of hypertrophy of the media and 
arteriolosclerosis The presence of atherosclei otic vascular changes superimposed 
on vasospastic diastolic hypertension is largely responsible for the mortality from this 
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disease Thus, the duration o£ the presence of In pei tension is also an important 
factor in prognosis Cardiac enlargement and electrocardiographic as well as 
roentgen studies of the heart are valuable m estimating the outlook Among 
patients with s3'mptoins resulting from hypei tension a \er} laige number showed 
electrocardiographic abnormalities The status of the kidne}s is also extremel} 
important The renal and urinaiy findings are usualh sufficiently in evidence 
so that the diagnosis of malignant nephrosclerosis is at least suggested There aie 
man} other factors to be considered m the outlook for this disease , the retinal find- 
ings are well knowm, the age at wdiich hypertension develops seems to influence 
Its course, the constitutional type of the hypei tensive subject is another factor 
of importance Sex is likewise a factor While hvpertension is more frequent m 
females, the course of the disease seems to be more benign than m males Con- 
current diseases such as diabetes constitute a factor of consideiable importance 
m increasing the giavit} of the prognosis 

Seasonal fluctuations m normal blood picssuie aie discussed m a paper by 
Paul,'*- wdio made observations on 900 health} }Oung men Little \ariation could 
he c^^tabhshed This ma} be because his obsercations were made on a group of 
u lamely young persons 

The eflect of toxemia of piegnanc} and ot picgnanc} on the hypertensive state 
has been the subject of a numbci ol papeis anrl both still continue to be considered 
ot importance m this disorder 

Dexter, Weiss, Ha}nes and Sisc'*'* piesent a compiebensive renew of this 
subject They based then obser\ations on 100 normal pregnant women, 100 
patients with generalised edema without hypei tension during piegnancy and SO 
patients w-ith h}pertension during ptegnanc\ Se\eral Upes of h}pertcnsion m 
pregnancy w'ere noted Six to 9 per cent of the normal women had either hyper- 
tension or albuminuria ot both m the latter half of pregiianc} but not m the first 
half Twenty of 39 patients who had h} pcrtcnsion befoie pregnancy failed to 
have any further increase m blood picssure or albiimmuiia during pregnane} m 
spite of the fact that man} ot them showed generah/ed edema In the remaining 
members of this gioup with h}pertension preceding pregnane}, toxemia developed 
The vascular S}ndrome which was thus supei imposed on preMOUsly existing 
hypertension differed m no wa} fiom the preeclampsia and eclampsia wduch 
occurred m patients whose blood piessure w^as normal before pregnanc} A pro- 
gressive rise m the blood to abo\e the level existing before pregnane} presaged 
the development of toxemia of pregnanc} Elevation of blood piessure and albu- 
minuria of themselves do not indicate that toxemia is present 

These observeis regard toxemia of pregnanc} as an acute vascular disease 
which closely resembles acute glomei ulonephntis Etiologicall} and pathological!} 
the two diseases differ The most important factors predisposing to the develop- 
ment of toxemia are hypertensive disease and generalized edema Persons with 
low renal reserve or with hypei tension in the malignant phase seem to be espe- 
cially susceptible 

Permanent vascular disease seems to follow toxemia of piegnancy much more 
frequently in those cases in which the duration of the disordei is prolonged and, 
curiously, m those cases m which the toxemia is mild rather than m those in which 
there is eclampsia After a toxemic piegnanc}, it is usual for Iwpertension to dis- 
appear rapidly In some cases it ma} persist for a rathei long time and ev^en 
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then disappear permanentl} It is impossible to difterentiate such cases from 
those in which the h}pertension is progressive and the condition becomes indis- 
tinguishable from other types of chronic hypertensive disease 

Tillman comments on the difficulty of accepting the view that the eclampsia 
111 pregnancy is the same as that in acute glomerulonephritis, e\en though the clinical 
pictures of the tno disorders are similar In the main, his conclusions are similar 
to those of the previous observers Development of sudden severe hypertension 
during the course of pregnanc}^ or sudden increase in blood pressure m preexisting 
h 3 pertension is of the utmost significance The ultimate outcome cannot be deter- 
mined until after delivery In many women the condition disappears at the time , 
in others persistent h}pertension ma) follon, and a considerable number of the 
patients present themselves later in life with t}^pical hypertensive \ascular diseases 
Eastman and Whitridge®'^ are more specific in their views in regard to a 
significant rise in blood pressure as an indication of impending eclampsia They 
regard a rise from 110 systolic and 70 diastolic to 135 systolic and 85 diastolic in 
a } oung woman as of more significance than a rise from 135 systolic and 85 diastolic 
to 150 systolic and 90 diastolic in a patient of 35 They point out that m the 
person with hypertension each subsequent pregnanc} adds its increment to its 
severity Ver}'’ often m such nomen the disease becomes progressive and pursues 
a malignant course They state that chronic hypertension is superseding eclampsia 
as a cause of death in child bearing and that it has been responsible for 80 per 
cent of the toxemic deaths in their experience 

It is interesting to note that in rats previously made hypertensive by constric- 
tion of one renal artery the systolic pressure was reduced sigmficanth during 
pregnanc}^ After delivery the pressure rose again to approximately the same 
level as before This occurred if renal damage was not severe enough to impair 
function 

Dalton and Nuzum®' made statistical studies on patients with essential hyper- 
tension It has been the opinion of most observers that renal function is not 
impaired in this disorder, but these observations ^\ould indicate otherwise They 
were based on the urea clearance test and the excretion of phenolsulfonphthalein 
Dalton and Nuzum state that in subjects with essential hypertension here is a 
significant reduction in the ability of the kidneys to concentrate urine and to 
excrete phenolsulfonphthalein This reduction can be demonstrated only when the 
study IS considered for entire groups of normal persons and of patients w ith h} per- 
tension It cannot be showm when individual comparisons are made The age 
of the patient and the duration of the disease seem to have little effect on renal 
function of either normal persons or patients with hypertension An increase m 
the severity of the disease, that is, a rise in the diastolic blood pressure, is accom- 
panied by reduction of renal function 

Studies of the adrenal glands w^ere made b} Dempsej on patients with 
essential hypertension and on a group of persons wnth normal blood pressure 
This pathologic study showed that the average weight of the adrenal glands of 
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subjects with hypei tension was not significantly highei than in nonhypertensive 
peisons Adenomatous hypei plasia of the adicnal coitcx was not found in asso- 
ciation with essential hypei tension, but it occuiied with considciable frequency in 
nonhypertensive peisons The nnci oscopic appearance of tortuosit} of the adrenal 
coitical colds and abnoimal deposition of fine lipid droplets in the cortical cells 
could not be associated with the gioss findings of iiicgulaiitv of the coids in the 
adienal cortex 

Van Bogaert and van Baaile°® state that in some cases of essential hyper- 
tension theie are certain signs which resemble those produced by cxpei imental 
stimulation of the hypothalamus in dogs They weie able to show the presence 
of hypophysial hoimones in a laiger than normal quantih in the bodv fluids, but 
they concluded that this docs not ncccssaiily indicate a causal connection between 
the hormones and inci eased blood pressures and that both the rise m blood pi as- 
sure and these inci eased secietions aie the result of stimulation of the encephalo- 
bulbai ceiiteis The hypothalamus is among these 

Evans and Stewart studied the peripheral blood flow before and aftei 
operation for adrenal pheochromoc} toma Several interesting observations are 
recorded A decrease of peripheral blood flow was noted before operation This 
was attributed to hypei epinephnncmia The circulation time was shorter before 
opeiation than aftei Low cutaneous Icmpcratures and high rectal temperatures 
%\ere noted before opeiation and ueie interpreted as being brought about b) 
deci eased peripheral blood flow and vasoconstriction, uhich result in increased 
heat stoiage The periods of marked sweating which were obscr\ed suggested an 
attempt on the part of the organism to increase loss of heat from the body by the 
cooling effect of evaporation 


CLINICAL COUNTLRPARTS OF nVPCRIMCNTAL inPLRlLNSION 


Aneurysm of the abdominal aorta is capable of causing renal ischemia of 
sufTcient degree to produce hypertension of a fairly se^ ere grade This is indicated 
by a case icpoited by Hoffman The disease process in this case was a saccular 
aneurysm of the abdominal aorta m a Negro man aged 28 This aneurysm was 
111 such a location that severe compression of one renal aiterj occuned It was 
a typical clinical example of compiession of the Goldblatt t,vpe The outstanding 
change seen in the involved kidney was uniform and difusc atrophy of the nephron 
units with marked dilatation and engorgement of the glomerulai and interstitial 
capillaries with led cells There was apparently little or no sclerosis of the 
arteiioles 

Anothei instance of hypei tension suspected to be the result of i cnal ischemia 
IS leported as a complication of a dissecting aneurj’-sm of the abdominal aorta The 
blood pressuie in this case ^\as high, and the lenal function ^^as good An intra- 
venous urogiam showed impaired excietion by the left kidney, but a retrogiade 
pyelogram was normal The dissecting aneurysm at autopsy had resulted in a 
complete occlusion of the left renal artery, while that of the right kidney was 
noimal In this case, too, theie was a striking absence of sclerosis oi necrosis of 
the aitenoles of the kidney 
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That interference with blood flow thiough the lenal aiteiies may be effected 
h}'' so simple a lesion as toision resulting fiom ptosis is shoiMi by the case lepoiled 
b} Riskind and Greene The patient had a well marked h 3 pertension Theic 
was no demonstiable impanment of the function of either kidney Torsion of the 
right kidney was suggested by uiogiaphy After the application of a coiset by 
Avliich collection of the toision was made, the blood piessure fell, and it had 
remained “faiily close to normal” After lemoval of the suppoit, the piessure 
lose again The authors do not clearl}' state the findings after the suppoit was 
applied, but apparently the result was definite improvement 

Richardson found 25 instances of atherosclerosis of the lenal arteiies In 
22 of them the plaques were confined to a significant pait of each artery neai the 
aoita In 2 the involvement was confined to one renal aiteiy In 8 there was 
a generalized atherosclerosis In 12 atheroma was limited to the aorta, and in 5 
no atheroma was discoveied Among the group there were 3 cases of malignant 
hypertension Richardson believes that atheromatous plaques may be capable of 
producing renal ischemia and consequently hypertension analogous to expei imenlal 
hvpertension 

EXPERIMENTAL HYPERTENSION 

Abell and Page have continued to make dnect obseivations on the blood 
vessels, particularly the arterioles, in the ears of rabbits Expei imenlal renal 
hypertension causes constriction in these vessels which is easy to see and which 
IS persistent It is not great enough to restrict the flow of blood to the tissues but 
IS sufficient to produce increased peripheral resistance This effect is produced 
even in the absence of nerve supply to the blood vessels, and therefore it must be 
due to the direct action of some substance on the vessel structures themselves New 
arteriovenous anastomoses are formed These observations are iemarkabl 3 t similar 
to those made when angiotomn is injected into the animal and hypertension produced 
in that manner 

That renal blood flow can be altered by the position of the kidney and the 
angle of the i enal artery in relation to the aorta is shown by the experimental woi k 
of Gabriele His observations indicate that flow is reduced to a considerable 
degree when the angle is made relatively acute Whether this is a factor in human 
hypertension depends on the mobility of the kidney He considers it likely that 
the hypertension of pregnancy may be influenced by such a change in the position 
of the kidney 

The arterial hypertension which occurs in hydronephrosis has been the subject 
•of expei imental study by Megibow, Katz and Rodbaid It was found that hydio- 
nephrosis produced by constriction oi obstruction of the ureters of dogs resulted 
in elevation of blood pressure which w^as transient unless bilateral ureteral obstruc- 
tion was complete Under this condition hypertension existed until death of the 
animals in uremia If the hydi onephi osis w^as complicated by renal ischemia in one 
kidney the tendency to hypertension was increased The authors believe that renal 
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liypei tension depends on the latio of ischemic tissue to normal kidney tissue Both 
factors Opel ate in hydionephiosis, and the sevciit} of the increase in blood piessuic 
depends on the lapidity with wdnch these piocesses de\elop A conipensatou 
inciease in noimal lenal tissue may be the leason why the hypei tension is tiansiton 
in those instances in w'hich the obstiuction to the uicter is not complete 

The lenal lesions wdnch seem to be most eftectne in the pioduction of Inpei- 
tension aie those wdnch mteifere wuth the piopagation of the arterial impulse 
thiough the vessels of the kidneys These aic urctcial obstiuction, constiicting 
pel inephi itis and mflammaloiy diseases Pyelonephritis, hjdionephrosis. tubei- 
culosis and tuinoi aie listed as common causes by White. Durkee and Mirabile^®® 

The pait that renin plays m the production of the pressor substance which is 
lesponsible for the maintenance of clexation of blood pressure is so gencralh 
accepted that fuithci review' is not needed It is the common opinion that renin 
IS leleased only by impaiied lenal tissue That the intact kidney maj secicte lenin 
undei certain conditions is pointed out by Huidobi o and Bi aun-lMenende/ The\ 

found that piofound lowering of blood pressuic by hcmoirhage or shock causes 
hbeiation of lenin by the intact kidncjs of anesthetized dogs The) could detect 
the presence of renin in the blood of such animals, but if the kidne\s had pie- 
\iousl} been lemovcd none could be demonstiatcd undei similai conditions Noi 
could renin be detected m noimal dogs wdien they w'cre intoxicated with potassium 
cyanide or when they w'eie made to breathe an atmospheie poor m oxygen These 
authors believe that the lenal humoral pressor mechanism participates in the noimal 
maintenance of aiteiial blood piessurc When the blood piessure decreases suffi- 
ciently, lenin is released, and this, through the formation of the piessor substance 
helps to bung about a restoiation of pressure to noimal 

Weinstein and his associates^*® found that blood from a kidnej in which the 
aiteiial blood flow and picssuic had been gicatly reduced possessed a greater 
A asoconstnetor effect and a lesser abiht} to neutralize angiotomn than did blood 
from a normal kidney 

Acute neurogenic hypertension produced b} section of the moderatoi iierACS**’ 
occuis even after both kidneys have been rcmo\ed The use in artenal piessure 
occurs immediately under these conditions just as it does when the kidnejs are 
intact m the animal Thus it would seem that humoral piessor substances haie no 
part in the mechanism of this type of experimental hypertension 

The rat has been found to be an animal suitable for the study of expeiiniental 
hypertension, and it is being w'idely used for this purpose Chronic hypertension 
can be produced by a variety of measures, according to Grollman and Williams **- 
They have found that the application of silk to the kidneys is an easj and practical 
pi ocedure w ith relatively low opei ative moi tality w Inch results in permanent ele^ a- 
tion of blood pressuie 
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Similai obseivations have been lecoided by others, with the same cnnelusions 
The lat apparently has a predisposition to hypei tension, so that the pioccdinc is 
iinifoimly successful Suitable methods for determining prcssuic have been de\ ised 

As a consequence of the development of these methods of stud}, natuiall} a 
laige numbei of lepoits have appealed on the effects of various and vaiied sub- 
stances on the blood pressure of rats Many of these are loutme experiments with 
the common vasodilators It is not possible to evaluate these lesults oi then 
impoi lance,” ‘ but it seems piobable that expeiimentation m this held of theia- 
peutics may pi ove to be exti emely fi uitfiil 

STUDIES OF DIODRAST AND OF INULIN CLEARANCE 

The opinions m regard to the sigmhcance of deteiminations of diodrast and of 
mulm cleaiance as measuies of the effective lenal blood flow and the glomerulai 
hltiation rate are not entirely in agreement even aftei seveial yeais of obsenalion, 
paiticulaily when these measures aie applied to the kidneys of hypei tensive patients 
The essential difference of opinion seems to be in regard to the detection of lenal 
ischemia 

Findley, Edwards, Clinton and White found that a high peicentage of then 
lelatively small gioup of patients with hypei tension had noimal cleaiance of diodiasl 
and noimal tubulai excietion Although no proof is at hand, they aie mchncfl to 
belle^e, as Kohlstaedt and Page do, that the production of the piessoi sulistance 
lesulting fiom the lelcase of renm 1)} the kidney is not dependent neccssanh on 
actual reduction of lenal blood flow but is due to the impairment of the pulsatile 
type of flow, with a reduction of pulse piessure within the lenal vessels 

This opinion is shared by Foa, Woods, Peet and Foa,^^^ ^^ho based then obsei- 
^atlons on studies of diodrast and of iiiulm clearance before and aftei suigical nitci- 
luptioii of stiuctuies of the sympathetic nervous system accoiding to the methods of 
Peet These wei e carried out m cases of well advanced hypei tension and m othei s m 
which the hypei tension was not severe Even though there was a i eduction of blood 
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piessuie which ^^as obseived foi as long as l^^el^c months after operation there 
was no significant change in the diodiast and on iniilin cleaiancc Some factoi other 
than lenal ischemia is suggested as the piimai) cause of hypci tension, and these 
observers expiessed the opinion that intiaienal pulse piessme is the probalile factor 
They ascribe the effect ot s} mpathectomy in lowciing blood piessuie to the removal 
of vasomotor tone fiom the arteiioles ot the kidnejs, mIucIi may thus allow a gi eater 
pulse pressure The i eduction of S 3 'stemic blood picssure occuis because less renin 
IS secieted as a lesult of the increased pulsation within the kidneys The amount 
of vasomotor lelaxation which occuis is thought to be dependent on the amount 
of permanent oiganic change which has ah each occuiied m the vessels afiected 
When this is minimal and \asoconstiictoi tone maximum, good results mac be 
seemed The conveise is also true, and ccithin the possible range all gradations 
may lie piesent 

This hypothesis is ingenious and inteiesting and exceedingly plausible The 
same question piesents itself cchich has aioused contioveisv before Do the cesscls 
of the kidney legain then tone after denti cation thiough increased susceptibility- 
to humoial oi hormonal substances, such as epincphi me''' 

RLLAIION or LROIOGIC DCrrXTS TO IIC PLRl RXSlON 

It has been ccell established that there is a iclalionship betcccen he pei tension 
and some types of uiologic disease, loi example, chronic atrophic pyelonephritis, 
piobably hychonephiosis and some tcpcs of tumor It cvould seem that disease 
of the locver pait of the uimaiy tiact is not likely to cause a use in blood piessuie 
unless there is also some involccmcnt of the casculai slincture of the kidney. 
Studies of uiologic defects and case icpoits continue to be ''frequent Wosika 
Tung and Mahei made a statistical stucly of a laige group of cases, appioximately 
2,000 Thev found that 40 pei cent of the jiatients ccith hyiicrtension also had 
abnormalities of the uiinaiy tract Tccenty -seven per cent of persons echo had 
normal blood pressiiie also had urologic disease These findings became moie 
piomment cvith statistical analysis, so that the authors could conclude that the 
patient cvho has hypertension is more likely to hace urologic defects than is the 
noimal person 

A study of the letiogracle pcelogiams of 100 persons ccith hypertension and 100 
ccithout evas made by Shiadci Young and Page”" Some caiiations in the toim 
ot the pyelogram seemed to be moie common in persons cvho had hypertension 
They had lenal pelves cchich cccie laigei than normal and pelc'cs cchich cceie loccei 
in position than usual Othei abnormalities, such as mtraicnal pelvis, incomplete 
lotation, right-angled ui etei opelc ic yiinctuie and bifid pelvis, were no moie com- 
mon than in normotensive pci sons Tccenly-tcvo per cent of the patients echo 
had defective pyelograms also had hy pei tension The incidence of significant lenal 
abnormalities in an unselected group of he pei tensive patients evas 19 per cent The 
diffeience in the patterns of the pyelograms of pei sons cvith hypei tension and of 
those cvithoul is not great enough to hace any special significance 

Kahn and Laipply found that in nearly all cases of hypei tension cchich is 
peisistent lenal disease is bilateial It is frequently moie scveie m one kidiiev 

118 Wosika, P H , Jung, F T, and Maher, C C Urologic Hypertension as an Entitj, 

Am Heart J 24 483 fOct ) 1942 ^ , 

119 Shrader, J C , Young, J M , and Page, I H Pyelograms m Patients ccith Essential 
and Malignant Hypertension, Am J M Sc 205 505 (April) 1943 

120 Kahn, J R, and Laipph, T C Frequence of Bilateral Renal Disease in Person^ 
cvith Hjpertension, Am J M Sc 203 807 (June) 1942 
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than in the othei, often to the point of complete loss of function, but the other kidney 
IS seldom noimal One thousand cases were included in this necropsy stud) In 
all, the final diagnosis uas arteiial nephrosclei osis or arteiiolar nephrosclei osis 
or both 

Flocks’ findings in a small group of cases carefully studied are similai but 
show a greater incidence of hypertension, probably because the renal defects ^\ere 
of types moie likely to pioduce increased piessuie All his cases ueie instances 
of congenital hydronephrosis, infected hydionephiosis or renal calculus In 23 of 
this gi oup of 38 thei e was a consistent elevation of arterial tension 

Ratliff and Conger ai e of the opinion that when h) pertension is pi cscnt 
in a pel son who has unilateial renal disease nephiectomy should be done, not onl) 
to cure the renal defect but because in a small propoition of such patients the 
hypei tension will also be lelieved In 528 patients with hypei tension the incidence 
of actual renal disease was small, in only 32 was theie definite objective evidence 
Of these, 12 had chronic pj^elonephritis and 5 had calculi The other patients did 
not have conditions of the type with which hypertension occuis 

That unilateral pyelonephi itis can produce seveie hypei tension is substantiated 
by the case of a child of 12 years lepoited by Wilson and Chamberlain Nephiec- 
tomy resulted m a lestoration of blood pressuie to normal m spite of tbe fact that 
the patient showed evidence of extensive general vasculai disease, evidently the 
lesult of the severe hypei tension 

Biaasch and Wood’--^ comment on the incidence of hypertension and peii- 
nephritis Of a group of 70 cases, in only 3 could there have been any lelationship 
between the lenal disease and the elevation of blood piessure This is less than 
one-half the aveiage incidence of hypertension 

The relationship of chionic pyelonephritis to hypei tension is emphasized b) 
the studies of Shure,^-° who in 11,898 autopsies found an incidence of 44 4 pei cent, 
as compaied with 34 9 per cent m a control group selected at landom This greater 
incidence occurred m cases of bilateial pyelonephritis He found that when the 
disease was unilateral hypei tension w^as comparatively rare The incidence of 
hypei tension inci eased wuth age and was parallel to the incidence of severe lenal 
vascular damage 

Treatment of hypei tension in the past tAVO yeais has held consideiable piomise, 
but this has not yet been lealized The woik done wuth lenal antipiessor substances 
as reported in last yeai’s review^ has been advanced no further, although there is 
still hope that some help will come in the solution of this pioblem from the field 
of expel imental study Page states that the “treatment of hypertension is still an 
experiment” and that impatience may lead only to foiced conclusions lathei than 
to the actual ti uth 

121 Flocks, R H Clinical Studies on the Relationship Between Renal Disease, Renal 
Function and Arterial Blood Pressure, J Urol 47 602 (Alay) 1942 

122 Ratliff, R K , and Conger, K B Incidence of Renal Hypertension and of Cure b} 
Nephrectomy, J Urol 48 142 (Aug ) 1942 

123 Wilson, C L, and Chamberlain, C T Unilateral Renal Ischemia with Hj pertension 
Case Report, J Urol 47 421 (April) 1942 

124 Braasch, W F, and Wood, W W, Jr Clinical Perinephritis and Its Effect on 
Blood Pressure, J Urol 48 343 (Oct ) 1942 

125 Shure, N M Pyelonephritis and Hj pertension. Arch Int Med 70 284 (Aug) 1942 

126 Page, I H Medical Aspects of High Blood Pressure, J }ilichigan !M See 42 294 
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Wakerlm and his associates^-' have continued then obsenations on the eftect 
of hog renin in the treatment of expeiimental hypei tension They were able to 
prevent the development of expeiimental hypei tension m dogs by daily intia- 
muscular injections of paitially piiiified hog lenin foi three months before and aftei 
the opeiation Othei similai oiganic piepaiations had no such cflcct They weie 
also able by daily infections of the same substance to produce striking reductions 
in the blood pressmes of animals pieviously made hypei tensive Inactivated hog 
renin had had no effect on 1 of these animals when given previously It is indeed 
curious that lenin fiom dogs and fiom other animals picpared in a similar mannei 
had no beneficial effect The authois make no attempt to explain their results 

It was concluded by Schales, Stead and Wairen that the decrease in ai tonal 
pressure which they obtained in the tieatment of clinical hypei tension with renal 
extiacts was nonspecific and had no definite eft cct on the humoral pressoi 
mechanism In their opinion the efiect of the icnal extiacts which they prepared 
was related to the fevei, sweating, weakness and severe local leactions produced 
by the administration of these substances 

Chasis, Goldiing and Smith also found that the blood piessure in subjects 
with hypei tension can be i educed b) aitificial fevci induced by intravenous injec- 
tion of such substances as tuple t}phoid vaccine and pyrogenic inulin The reduc- 
tion in pressure could be maintained in some instances by repeated injection, and 
the same result could also be achieved when fevei was prevented by the administra- 
tion befoiehand of aminopyrine 

They expressed the belief that the mechanism of this reduction is merel} a 
depressing effect on the caidiovasculai s>stem and not due to any corrective 
influence on the mechanism of hypei tension 

Friedman, Jarman and Marius came to a similai conclusion m regard to the 
fall in blood pressure which they obscivcd after subcutaneous implantation of strips 
of tissue fiom the kidney, liver and spleen The depicssor eftect seemed to be 
related to the presence of necrotic tissue 

Interest in the possible action of pressoi amines, paiticulail} the effect of 
tyrosinase on them, has continued to arouse inteiest Whethei this is entirelv 
a nonspecific effect, such as that following the injection of iintanl extiacts, remains 

127 Wakerlm, G E, , Johnson, C A , Smith, E L , Gomberg, B , Wcir, J R , Moss, 
W G, and Goldlierg, M L Treatment of Expeiimental Renal Hjpertension with Partiaiii 
Purified Renin, Am Heart J 25 1 (Jan ) 1943 

128 Schales, O , Stead, E A, and Warren, J V Non-Specific Effects of Certain Kidne\ 
Extracts m Lowering Blood Pressure, Am J M Sc 204 797 (Dec ) 1942 

129 Chasis, H , Goldrmg, W , and Smith, H W Reduction of Blood Pressure Asso- 
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Blohm, C L, and Saunders, P R Tjrosmase and Phenolic Pressor Amines, J Biol Chein 
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to be seen It is cuiious to note that heat-inactivated tyiosinase as employed by 
Piinzmetan^^ and his associates bad a definite efitect in loweiing blood pressine, 
almost equal in fact to that following the use of the enz}me m the active state 

Goldblatt and his associates have reviewed then woik on application of a ^\ldc 
\anety of therapeutic measures to expeiimental hypei tension in dogs This is a 
comprehensive and decisive discussion of the subject, hut it is also pessimistic 
They emphasize the value of studies of this kind m determining the results to be 
expected m human hypertension, but it is, of couise, obvious that the fundamental 
differences between expeiimental hypei tension in animals and the most common 
variety of aiterial hypei tension m man make compaiison of therapeutic efiects quite 
unceitam The fundamental mechanism is no doubt similar but its application 
IS too diffeient to make the obser\ations comparable foi therapeutic use 

It seems safe to conclude that the status of medical tieatment of hypertension 
remains unaltered The use of the sulfocyanates continues to have its proponents 
and opponents The general opinion seems to be that these aie the only drugs 
which have a specific effect in the reduction of blood pressuie in the hypertensive 
state That this effect can be obtained in experimental hypertension, even though 
only with an amount which produces toxic reactions, suggests that thiocyanate may 
have some influence on the humoral mechanism It is not equally effective, clini- 
cally, in all cases In many instances there is no response, and m some theie is 
leported relief of subjective symptoms without reduction in pressuie 

Other drugs, except for the group of sedatives, give little or no lasting benefit, 
and It has been pointed out again that much of the improvement repoi ted in various 
medical treatments of this disorder is merely the natural vaiiation of pressure 
which occurs so characteristically, often only an emotional response and vasomotor 
activity 

A CRITICAL REVIEW OF THE LITERATURE ON 
VASCULAR SURGERY 

Surgical thought this yeai is naturally focused on wai injuries and their treat- 
ment The present leview deals with efforts to treat vascular lesions surgically, 
notable among these are the results obtained from ligation of the patent ductus 
arteriosus in the presence of subacute bacterial endocarditis 

132 Piinzmetal, M , Alles, G A , Margoles, C , Kayland, S, and Da\is, D S Effects 
on Arterial Hypertension of Heat- Inactivated Tyrosinase Preparations, Proc Soc Exper 
Biol & Med 50 288 (June) 1942 

133 Goldblatt, H , Kahn, J R, and Lewis, H A Studies on Experimental Hyper- 
tension XVII Experimental Obser^atlons on the Treatment of Hypertension, JAMA 
119 1192 (Aug 8) 1942 
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April) 1942 Tuckwiller, P A The Use of the Thiocyanates in Hypertension, West Virginia 
M J 38 235 (July) 1942 Goldsmith, G A , and Cordill, S The Vasodilating Effects of 
Nicotinic Acid, Am J M Sc 205 204 (Feb ) 1943 Can^ad^ , E W , and Allen, H N 
The Treatment of Hypertension with Potassium Sulfocyanate, Illinois Ikl J 82 146 (Aug) 
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VENOUS OCCLUSIONS 

In 30 per cent of 280 autopsies considerable olisti uction was found at the mouth 
of the left common iliac vein This seems to be a developmental defect, but 
secondary, postnatal inflammatoi) reactions may aggiavate it This anatomic 
study throws an interesting light on the inci eased fieqiiency of venous occlusions 
on the left side 

Ligation of the femoral lein, devised as a pi oph} lactic measuie against pul- 
monaiy embolism when the origin of the thiombus is in the calf, continues to be m 
favor in propeily selected cases Pattcison lepoitcd the case of a critically ill 
sailor with osteomyelitis, thrombophlebitis and pulmonary embolism , after ligation 
of the femoral vein the patient had no more emboli and lecoicred Moore found 
that of the 39 living patients admitted to the Massachusetts General Hospital after 
the Cocoanut Grove disaster, 13 pei cent piesented thromboembolic phenomena, 
when he considered only the patients with third degree burns lequirmg a prolonged 
stay m the hospital, 4 of 9 patients had tin ombosis of the ^ ems of the leg In their 
cases ligation of the femoial vein was done, below the deep femoral artery, unless 
the clot had extended past this le^el Xo opaque matciud was injected in these 
cases to visualize the clot, since the venograms are often misleading and the pro- 
ceduie is irntating to the intima of the veins 

We have reported on these phlebograms m previous re\iews, we thoroughl) 
agiee that the help obtained fiom them is not commensurate wnth the untoward 
reactions and the difficulty of intei pretation We do believe however, m the use of 
anticoagulants after ligation of the femoial vein According to the pltysicians 
specializing in vasculai diseases at the Massachusetts General Hospital, neither 
heparin noi dicoumaim is useful, “since they only pic\cnt furthei extension of 
thrombosis and, therefore, do not guard against fatal embolism ” 

Because the propagating thiombus, wdiich may well occur proximally to the 
ligature or reside in the pelvic veins, is exactly the pait of the thrombus most likely 
to break loose, the proper use of anticoagulants aflci operations on large veins has 
much to recommend it, it also inhibits the piopagation of thrombi at the site of the 
pulmonary embolus, wdiich is often recognizable climcall) and at autopsy 

In 3 cases of septic pelvic phlebitis ligations of the ovarian vein and the vena 
ca\ a were perf oi med All 3 patients show^cd a dramatic fall m temperature , all 3 
recovered 


ARTERIAL OCCLUSIONS 

Individual reports of successful embolectomies continue to appear Four cases 
were repoited by Lessei The number of houis that elapsed between the onset 
of occlusion and the time of operation w'ere foui and a half, twelve, thirteen and 
fourteen The attempt at conservative management should not be prolonged beyond 
six hours after the vascular accident A riding embolus at the aortic bifurcation 
was removed at a laparotomy done with spinal anesthesia , the patient died on the 
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twenty-seventh postoperative day from a pulmonaiy infaiction In another case 
death occuired as a result of pulinonai} embolism during the extraction of a clot 
fiom the common iliac artery, the fatal pulmonary embolus was caused b} clots 
breaking loose fiom the light auiicle of an old iheumatic heait^^- 

Murray leported 5 aortic embolectomies done thiough an abdominal extra- 
peiitoneal approach The ciiculation was restoied in all 5 cases, and the impending 
gangrene of both legs in each case was immediatel)' replaced by noimal ciiculation 
in the extremities While 4 of the patients sooner or latei died of lepeated visceial 
or cerebral emboli, the results aie impiessive Certainly the therapeutic pioblem 
following embolectomy is the prevention of future emboli The surgeon here must 
look for guidance to the internist, the pharmacologist and the biochemist The 
piesent anticoagulants cannot be given for many months and yeais, and emboli can 
occur during administration of heparin, as m 2 of Murray’s cases 

The response of individual patients to hepaiin varies a gieat deal, this obsena- 
tion led to the suggestion that the patient’s tolerance to hepaiin might serve as a 
test of the clotting mechanism Patients during the hist few days aftei majoi 
operations, following thrombosis of any kind and in acute stages of Bueiger’s disease 
exhibited resistance to hepaiin The test helps to diiect the pioper dosage, espe- 
cially when intermittent admimstiation is used 

WAR INJURIES TO THE VASCULAR TREE AND THE 
VASOMOTOR SYSTEM 

Neuiologic, thoracic and orthopedic suigeiy have been de\ eloped to a much 
higher degree of efficiency in the surgical teaching centers than vasculai suigery 
Ligatures and sutures of lateral wounds of arteries offer more piomise duiing 
circumstances prevailing in advanced hospitals than spectacular lestorative 
sutures The problems involved in the treatment of tiaumatizcd blood vessels 
were concisely stated by Gage While men who have had unusual oppoitunitv 
for practicing suture of blood ressels strongly advocate its use instead of liga- 
tures,^*^ most medical officers would find it more practicable or would be foiced to 
use a ligature, protecting the limb with a block of the regional sympathetic nerve 
supply**® Articles adequately coveiing this field have been published by Piatt**'’ 
Holman *®° described concussion of an aiteiy leading to segmental spasm, contusion 
of an artery leading to thrombosis and embolism, and lateral and circular wounds 
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ot aitenes Ligation of the aitei}' should ahva3fs be followed by division The 
tieatment of aitenal and aiteiiovenous aneurysms is discussed 

Blakemoie and his associates'®^ desciibe a significant set of expeiiments, in 
which vitallium tubes were used as a prosthesis to bridge arterial defects The 
tube w'as lined with a segment of vein by a method requiring no sutuies Tiiesc 
giafts w'ere successful in contaminated w'ounds wuth the help of oral medication 
w ith sulfathiazole The advances in the control of serious infections and the possible 
use of anticoagulants affoid a real basis foi success The authors point out that 
if the anastomosis can icmain patent foi fouiteen days wdien the post-traumatic 
edema subsides, the limb can be saved Picserved veins for grafts aie suggested 
Since the indications foi amputation m w'ai wounds are based mostly on the 
integrity of the mam blood vessels, these contiibutions deserve a thorough clinical 
tiial While the results of experiments on animals aie most encoiii aging, the single 
clinical case reported is not yet conclusue The tubes are not wudelj' available, and 
the method requires detailed study Its use wull be piobabl} limited to special 
teams trained for this type of wmrk 

The technical details contained in these ai tides on traumatic mjuties to blood 
ressels are purposely omitted, since thc}’^ are not within the scope of this journal 
The incidence of causalgic states, lepiesentnrg painful vasodilatation with edema, 
osteoporosis and spreading neuralgia, is increasing again The} most often lollow 
partial injuries to nerves or injuries around small joints of the hand and foot 
Early recognition and repeated procaine hydrochloride block of the regional simpa- 
thetic ganglions aie recommended When the condition progresses to a late stage it 
may gradually “burn out,” leaiing much deformity, or become intractable 

The immersion foot syndrome followung exposure to cold has been admirabl} 
studied by White,^®^ wdio has summarized the previous obseriations SurMiois 
of torpedoed vessels have been exposed to cold an and water, prolonged dependenci 
of the legs, malnutrition and vitamin deficienc} The process seems to diftei onl} 
m degree of chilling and w'ettmg fiom frostbite, trench foot and sheltei foot This 
ischemia during prolonged exposure to cold is follow^ed b} a period of active 
hyperemia which is mainly due to the clinical effects of the products of injury to the 
tissue Paralysis of vasoconstnctoi fibers is an added factor but seems of secondan 
importance 

In spite of the increased blood flow m the mam \ essels, the bounding pulse and 
the increased cutaneous temperature, the cutaneous capillary bed does not seem to 
leceive adequate oxygen foi its inci eased metabolic demand Capillary permeablllt^ 
increases, and edema, pain and petechial hemorrhages occur B} cooling the skin 
this disparity betw^een supply and demand for blood is diminished 

The inflammatory leaction and hyperemia subside in a few' w'eeks, and the 
circulation gradually leturns to normal Neuntic pain, how'ever, makes its appeal - 
ance when the injured nerves begin to regenerate In the severe forms, this may 
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peisist foi as long as six months Suitable tieatment, as suggested by Coinnmndei 
White, consists ol first aid methods against geneial chilling but never heating the 
chilled extremity The affected limb is to be kept cool, elevated and surgicalK 
clean Piessuie points on the feet, especially the heels, should be aNoided No 
lubbing or massage is peimissible For cooling of the limb, simple exposiiie to 
loom an may suffice An electiic fan placed on a bed table may blow air ovei the 
feet, the patient may spiay water from an atomizei into the stream of an flowing 
from the fan 

The naval medical officeis at Halifax w'orked out a method of packing such 
extiemities in ice, which is changed every four hours The pin pose of tins pack is 
to cool the tempeiatuie of the skin to a level between 80 and 85 F These packs 
have been kept on as long as eleven days 

Buergei’s exeicises and possible sympathectomy foi late stages of the immeision 
foot aie suggested 

The stud}^ of anothei gioup of suivivors reported by Ungley makes it obMous 
that the vasculai and neuiologic lesions were greatly aggiavated by rapid heating m 
front of the galley stoves of the tiawlers which rescued them and had no medical 
officers 

It IS inteiesting to note that survivois torpedoed in i datively warm watei 
(aiound 70 F ) also show painful, swollen limbs, but these aie predominantly due 
to dependency, immobility, hypoproteinemia from starvation and multiple vitamin 
deficiences Commander White stressed the point that this syndrome is not 
identical with the immersion limb and that it calls for a high piotem. high 
vitamin diet 

It IS to be expected that further clinical expeiience and possibly clinical nncs- 
tigations will clarify the optimal piophylaxis, first aid and hospital care of men 
exposed to fieezmg cold and chilled wet environment This seems to be an impoi- 
tant subject and has obviously received less study than bums have Severe freezing 
of limbs of dogs may cause shock and death and may be prevented by immediate 
application of pressure diessings When the human hand is cooled by immeision 
in cold water (5 C ), the swelling may amount to 15 per cent of the oiiginal 
volume in three houi s , the protein content of the edema-fluid is around 3 pei cent 

The ciushmg injury to limbs wdiich occurs in persons caught undei a wieck 
and pinned there for seveial hours has a certain superficial similarity to immeision 
foot, since severe capillary damage and exudation of piotem-rich edema fluid 
occur Much expeiimental and clinical woik has been done on this syndrome It 
seems that approximately 5 per cent of air raid casualties m an urban aiea may be 
of this type A total of 70 such cases have been reported to the British Medical 
Research Council For treatment ample intake of alkaline fluids by mouth plasma 
and blood foi the shock and cooling of the limb with even elastic compi ession w ei e 
recommended by Bjwvaters He has shown, with Popjak,^*^® that in the rabbit 

154 Webster, D R , Woolhouse, F M , and Johnston, J L Immersion Foot, J Bone & 
Joint Surg 24 785 (Oct) 1942 

155 Ungley, C C , and Blackwood, W Peripheral Vasoneuropatin After Clulhnc 
"Immersion Foot and Immersion Hand,” with a Note on the klorbid Anatom\, Lancet 2 447 
(Oct 17) 1942 

156 White Webster^'’* Unglej 

157 Fell, E H , and Hanselman, R Prevention of Shock and Death b\ Immediate 
Application of a Pressure Dressing to the Sc\crel\ Frozen Limbs of Dogs, Ann Surg 117 
686 (May) 1943 

158 By waters, E G L Crushing Injurj, Bnt M J 2 643 (Nm 28) 1942 

159 Byw'aters, E G L, and Popjak, G Experimental Crushing Injun Peripheral 
Circulatory Collapse and Other Effects of Muscle Necrosis in Rabbit, Surg Gmkc A Ob^t 
75 612 (Noi ) 1942 



556 


ARCHIVES OF INTERNAL MEDICINE 


the human condition of the “crush syndioine” can be simulated with the exception 
that lenal failuie and im ohemoglobinuria aie absent, since rabbit muscle does not 
contain myohemoglobm Bywaters and Duncan and Blalock expressed the 
belief that the local loss of fluid into the cuished limb does not explain the entne 
clinical picture, the ultimate fatal outcome of long-lasting compressions was due 
mainly to absorption of toxic products 

The renal lesions occurring in the expeiimental animal have been studied bj 
Eggleton and hei associates Then obseivations indicate that the experimental 

lesions which have been pioduced by binding the hindlimbs of dogs tightly with 
rubbei tubing and compiessing the thigh muscles m a vise for five hours lesulted 
in a picture identical with the clinical syndiome Severe oliguria uith appearance 
of pigmented urine and a low cieatinine cleaiance occurs Anuria may follow 
The renal damage seems to be in the teiminal poition of the proximal convoluted 
tubules Their evidence suggests that the mam factor in the crush syndrome — after 
plasma has been lestored — is an mci eased permeability of the renal tubules due to 
a toxic agent leleased fiom the damaged limbs Certain substances, such as uric 
acid and phosphoiic acid, aie known to hare a selective action on tubulai segments, 
rvhere the reaction of the urine changes Such lenal changes m men rvere seen 
in 2 cases of ciush syndrome by Dunn and his associates 

This subject is leriewed heie because it rerives the toxemic theory of shock, 
which after the last rvar became lelegated to the background in face of the great 
interest m the local loss of plasma and its deleterious effect on blood volume and 
general capillary peimeabihty The toxic component in this s}ndrome has been 
acknowledged by such an authoi ity on shock as Blalock The syndrome is also 
interesting because it may occui after acute occlusion and release of a mam alter) 
In a case of a cential dislocation of the hip mill fracture of the pubic rami, the iliac 
vessels were obstructed by pressure against the inguinal ligament Relief of the 
obstruction by dividing Poupart’s ligament rvas follorved by sudden collapse Death 
occurred four da)s later fiom uremia The limb became veiy hard after the release, 
but circulation lemamed lestoied The kidney showed tubular degeneration and 
blood in the tubules The blood uiea content lose to 200 mg per hundred cubic 
centimeters 

Surgeons are well aw aie that somnolence, “toxic psychosis” and a giadual rise 
in the nonprotein nitrogen content of the blood not infrequently occur m patients 
with gangrenous exti emities, which may rapidly clear up after amputation 

VASCULAR ANOMALIES AND ANEURYSMS 

Hemangiomas are inherited as an autosomal dominant from a presumably 
homozygous man Their treatment, especially^ if surgical incision is too deform- 

160 Duncan, G W , and Blalock, A The Uniform Production of Experimental Shock 
hy Crush Injury Possible Relationship to Clinical Crush Sjndrome, Ann Surg 115 684 
(April) 1942 , Shock Produced b\ Crush Injury Effects of the Administration of Plasma and 
the Local Application of Cold, Arch Surg 45 183 (Aug) 1942 

161 Eggleton, M G , Richardson, K C , Schild, H O, and Winton, F R Renal 
Impairment Due to Crushing Limbs in Anesthetized Dogs, Brit M J 2 392 (Oct 3) 1942 

162 Dunn, J S , Gillespie, M , and Niven, J S F Renal Lesions in Two Cases of 
Crush Syndrome, Lancet 2 549 (Nov 8) 1941 

163 Glen, A M Temporary Vascular Occlusion Ending Fatally in Uremia, Brit M J 
2 875 (Dec 20) 1941 

164 Beers, C V , and Clark, L A Tumors and Short-Toe — Dihybrid Pedigree Familj 
History Showing Inheritance of Hemangioma and Metatarsus Atavicus, J Hered 33 366 (Oct ) 
1942 
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ing or impossible, is pielerably by the use of implanted ladon seeds (Johnson 
Byars In a case of ciisoid aneurysm of the scalp, Patey used a combina- 
tion of arterial ligatures (both external caiotid arteries) and scleiosing injecUons 
into the dilated vasculai trunks The lesion was cuied 

Heniy gives an excellent historical review of the evolution of surgical tieat- 
ment of aneurysms Three cases of traumatic arteriovenous fistula of the 
common femoral vessels are reported,^“® in which venogiaphy located the le\el of 
the fistula The vein distal to the fistula w^as always normal, m contiast to the 
segment proximal to it Ligation of the vein distal to the fistula appeared to have 
the same beneficial effect on the extremity that ligation of the vein proximal to 
the fistula has on the heait 

For an aneuiysm of the light subclavian arteiy Wheelei divided a portion 
of the sternum and retracted it upward with the innei end of the clavicle He then 
tied the innominate arteiy The patient lived eight years after the ojieration ana 
then died presumably tiom a rupture of the aneurysmal sac An ai Leiio\enous 
aneurysm involving the left innominate vein and the left common caiotid arteiy 
was successfully closed by obliterating the sac with thiee arteiial clamps, wfinch 
the authois were forced to place and leave in situ for tw^elve to fouiteen days One 
postoperative hemorrhage occurred a month later, but the patient got completeh 
well and works m a munitions factory, lifting 75 to 100 pound (35 to 45 Kg ) 
weights 

THE VASOMOTOR APPARATUS 


Learmonth and Richards^'" did an anteiioi loot section from the filth ccnical 
to the second dorsal segment foi athetosis of the right aim Obscivations wnth 
reflex vasodilatation show^ed that this extremitj lesponded well, even though the 
most cranial source of its pieganglionic vasoconsti ictor fibers was the thud 
thoracic segment 

Vasodilatation after s}mpathetic block is purely a release from vasoconstric- 
tion, but the muscles of the foiearm do not participate m the i asodilatation 
Hinsey and his co-woikers believe to have showm that aftei pieganglionic 
sympathectomy in cats a functional reoiganization of sympathetic ganglions can 


165 Johnson, G S , and Light, R A The Treatment of Congenital Hemangiomata oi 
the Skin, Ann Surg 117 134 (Jan ) 1943 

166 Byars, L T The “Malignant” Hemangioma, Surg , Gynec & Obst 77 193 (Aug ) 
1943 

167 Patey, D H A Case of Arteriovenous (Cirsoid) Aneurysm of the Scalp, Success- 
fully Treated’ by Combined Arterial Ligation and Venous Injection, Bnt J Surg 29 290 
(Jan ) 1942 

168 Henry, A K Some Surgical Aspects of Aneurjsm, Practitioner 150 136 (March) 
1943 

169 Watson, J R , Lichty, J M , Hill, J M, and Miller, R B The Use of Venograms 

for the Localization and Study of Arteriovenous Fistula, Surg , Gynec & Obst 76 659 (June) 

1943 

170 Wheeler, W I de C Ligature of Innominate Artery for Right Subclavian Aneurysm 

End Result, Bnt M J 2 422 (Oct 10) 1942 

171 Tarnower, H , Lattin, B, and Adie, G C SuccessM Closure of an Arteriovenous 

Aneurysm Involving the Left Innominate Vein and the Left Common Carotid Artcr}, Ann 

Surg 116 700 (Nov ) 1942 t. c i rv r vr 

172 Learmonth, J R, and Richards, R L Note on the Spmal Origin of Vasoconstrictor 

Fibers to Arm in Man, Quart J Exper Physiol 32*87 piay) 1943 -n, , t-, 

173 Warren, J V , Walter, C W , Romano, J , and Stead, E A , Jr Blood Flow in the 

Hand and Forekrm After Paravertebral Block of the Sympthetic Ganglia Evidence Against 
Sympathetic Vasodilator Nerves in the Extremities of Man, J Clin Investigation 21 685 (Nov ) 
1942 

174 Hinsey, J C , Geohegan, W A, and Aidar, O J Functional Reorganization of 
Sympathetic Ganglia Following Preganglionectomy, Tr Am Neurol A 68 45, 194- 
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follow, with leinneivation of postganglionic fibeis thiough the first thoiacic seg- 
ment If this mechanism operates m man, the preganglionic sympathectomy for 
the aim might be followed by recurrence thiough the stellate ganglion 

Epmephime m small amounts augments the transmission of impulses m sym- 
pathetic ganglions but m large amounts depi esses it In clinical shock, a sudden 
hbeiation of laige quantities of epinephrine ma} produce a depression^"’"' 

The importance of removing the ganglion opposite the second lumbai vertebra 
IS emphasized by Atlas Theie is no standaid arrangement of ganglions, and 
this way the most important segment is excised 

Shumacker reports a sympathetic deneivation of 83 extremities and discusses 
indication, technic and results, which are m peifect accoid with piesent opinion 
on this subject He also repoits a good result following lumbar sympathectomy 
foi livedo reticulaiis The mottling still lemamed but became pink In our 
expel lence with a recent case, the diy, warm extremity does not satisfy the patient 
when the mottling persists, since the cosmetic result is not peifect 

An interesting observ^ation led Shumacker to try lumbar sympathetic block 
to anesthetize uterine contractions, since the patient with livedo icticulaiis had a 
completely painless labor 

Abramson and otheis investigated the blood flou in polioimehlic limbs and 
found that it was not reduced His argument that such patients should not be 
subjected to sympathectomy may not hold for all cases, since in a definite group 
of children the reaction of the parah/ed limb to cold is exaggeiated and the suollen 
plum-colored extremities are henefited by s) mpathectoni} 

THE SURGICAL TREATMENT OF HYPERTENSION 

The only denervations which produced marked hyperscnsitiviU of the intes- 
tinal smooth muscle to epmephime were found to be those which mvohed sectioning 
of the axons passing to the intestines from cell bodies located in the preaortic 
ganglions This study confirms the wisdom of cutting splanchnic nerves and 
lumbar chains for hypertension without injurj oi excision of the preaortic 
ganglions Certainly the clinical disturbances of the gastrointestinal tract alter 
section of the splanchnic nerve are slight compared with those occuirmg aftei celiac 
ganghonectomy, an operation not to be recommended 

A common cause of hydi onephrosis in early life is the aberrant lenal vessel 
It was noted m 0375 per cent of the autopsies on patients below the age of 12 
3 ^ears In children simple ligation of such a v'essel js better tolerated than m 
adults, who may need a paitial resection of the kidnej' 

In 5 patients suftering from essential h) pertension, renal blood flow was 
studied before and after s} mpathectom}'- No important changes weie noted The 

175 Bulbnng, E, and Burn, J H Action of Adrenaline on Transmission in S\mpathetic 
Ganglia, Which May Play a Part in Shock, J Phj'siol 101 289 (Nov 30) 1942 

176 Atlas, L N Sympathetic Denervation Limited to the Blood Vessels of the Leg and 
Foot, Ann Surg 116 476 (Sept) 1942 

177 Shumacker, H B , Jr Sj mpathectomy in the Treatment of Peripheral Vascular 
Disease, Surgery 13 1 (Jan ) 1943 

178 Abramson, D I , Flachs, K , Fieibcrg, T A, and Mirsky, I A Blood Flow m 
Extremities Affected by Anterior Poliomyelitis, Arch Int Med 71 391 (March) 1943 

179 Youmans, W B , Karstens, A I , and Aumann, K W Effect of Vagotomy and 
Sympathectomy on Sensitivity of Intestinal Smooth Muscle to Adrenalin, Am J Phvsiol 
137 87 (Aug ) 1942 

180 White, R R, and W^att, G M Surgical Importance of Aberrant Renal Vessel irt 
Infants and Children, Am J Surg 58 48 (Oct ) 1942 
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cases piesented, howevei, weie such that a flexibility of the lenal vasculai bed 
could haidly be expected 

Boidley, Galdston and Dandy followed 10 patients from thiee to seven 
3 eais aftei sympathectomy foi hypei tension — r tiuly admiiable follow-up Two 
patients died shoitly aftei opeiation Thiee supiadiaphiagmatic and 7 infia- 
diaphi agmatic opeiations weie done The sole ciiteiion for opeiating uas the 
piesence of incapacitating symptoms Relief of S 3 'mptoms occuiied Postuial 
Itypotension was absent in the patients who had supiadiaphiagmatic opeiations 
hut piesent m 4 of the 7 who had inf radiaphi agmatic ones In none of the patients 
was sexual function impaiied The responses to the cold piessor and the sodium 
am}tal test did not change postoperatively One of the patients who undeiwent 
a supiadiaphiagmatic opeiation had a good i eduction of blood piessuie foi foui 
and a half years and then had a return to the pieopeiative level foi the two and 
a half jeais piecedmg the repoit Postuial dyspnea occuired with postuial hypo- 
tension , this has not been i epoi ted befoi e The best case was that of a 29 yeai 
old woman with a hypei tension of very shoit duiation 

It IS oui impiession that with a moie extended, complete splanchnic section 
and wuth a gioup of patients seen in an earlier stage the results aie still better 
This IS ceitainly the best postopeiative study that has been so far lepoited 

A group of 54 cases is lepoited fiom the Lahey clinic by Baitels, Poppen and 
Richards^®® Then indications have giadually changed with mci easing expeiience 
The blood piessure must fall to 150 systolic and 100 diastolic while the patient is 
at rest and under sedation Of the patients with grade II hypertension 55 pei cent 
obtained a diop in piessuie, of those with giade III hypertension 37 per cent 
weie benefited Of 20 patients moie than 40 years old only 2 obtained relief, 
whereas of 32 patients less than 40 yeais old 68 pei cent had a diop in blood 
pressme No pei sons with giade IV hypertension weie subjected to an opeiation 
in the more lecent senes Four patients had noimal kidneys levealed by biopsy, 
they all obtained clinical lelief It is obvious fiom this stud) that suigical tieat- 
ment of hypei tension will have to be urged foi pei sons with much earhei stages, 
prefeiably foi pei sons with the asymptomatic foi ms wdiich aie lecognized on 
insurance oi preemployment examinations 

AMPUTATIONS 

Thoiek^®^ advocates a flapless amputation of the thigh without a toiuniquet 
He IS against the use of spinal anesthesia, because it inci eases the incidence ol 
thiombosis, he advocates sutuie of the fascia lata, uses no drainage and injects 
alcohol into the neive stump 

Theis lepoits on 50 amputations foi advanced aiteiial disease, he behe\es 
that his mortality is as low as has been lecoided in spite of intensive eftoits to 
save the limbs by conservative measuies He has seen aggiavation of infection 
by suction and piessuie tieatment, by closing the stump in the piesence of spiead- 

181 Findley, T , Clinton E, and Edwards, J C The Effect of Sj mpathectomy on Renal 
Blood Flow in Essential Hypertension, Surgery 12 64 (July) 1942 

182 Bordley, J , Galdston, M, and Dandy, W H The Treatment of Essential Hjper- 
tension by Sympathectomy A Report on Twelve Patients Three to Seven Years Following 
Operation, Bull Johns Hopkins Hosp 72 127 (March) 1943 

183 Bartels, E C , Poppen, J L, and Richards, R L Surgical Treatment of Hi pei - 
tension Results in Fifty-Four Cases, Ann Int Med 17 807 (Nov ) 1942 

184 Thorek, P A Simplified Technique for Thigh Amputation, Surg , G 3 ’-nec & Obst 

75 225 (Aug) 1942 

185 Theis, F V Amputations for Ad\anced Arteiial Disease, Surg, Ginec Obst 

76 35 (Jan ) 1943 
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mg infection and by local amputation of toes The author emphasizes the use of 
the oscillometei but does not use histamine flaies foi determination of the level 
of amputation 

McLaughlin^®® lecommends pcntothal sodium foi mmoi suigical procedures 
and low spinal anesthesia, with 50 mg of procaine hydiochloiide, for major 
amputations m peisons with diabetes If inhalation anesthesia is necessaiy, he 
piefeis cyclopiopane In the piesence of severe infection, a two stage piocedure 
IS employed , the use of drams is advisable m most cases The two stage procedure 
and the local use of sulfanilamide will decrease the need for drainage Follou-up 
studies levealed that approximate!} 50 pei cent of the patients who had an ampu- 
tation were dead within one year aflci dischaige fiom the hospital 

Refrigeiation of limbs to pi event ahsoiption of toxins and advance of bac- 
teiial infection and to lelieve pain piioi and dm mg amputation is discussed b> 
McElvenny Chief phai macist’s male Kennedy describes a simple ice con- 
tamei foi use m amputations 

The leviewcd five ai tides on amputations contain mam contro\eisial points 
The expel lences of the piesent wai may clarify manj points The tendenc} touard 
simple procedures eflectne safe anesthetic methods and close control of infection 
IS unmistakable The late sequelae of amputations phantom limbs and causalgic 
states, are most stinmlndnofh discussed m a monogiaph h\ Lumgston 

LIGATIOX or THE PATENT DE Cl US \RTERIOSl'S 

Keys and Shapiio'®® haie most enlightening data on 57 adults uho had post- 
mortem evidence of a patent ductus artciiosus Foih pci cent of these died of sub- 
acute bacterial endocarditis and 28 per cent of congcstue heart failure, 2 patients 
died of ruptuied aneurysm of the pulmonary arterj Inopeiahlc conditions existed 
m about 17 pei cent of the patients In the adult the ductus is often very short 

The authois have lecoids on 137 operations, neaily half of which have not been 
published In 104 of these theic was no infection Thirh -three patients had 
subacute bactei lal endocai ditis Six patients died of hemoi i hage during or follow - 
mg opeiation The total surgical mortality w'as less than 10 per cent A rough 
calculation wmuld suggest that there aie about 20,000 persons m the United States 
suffering from this anomaly Attempt at ligation is justifiable m spite of the fact 
that the patient’s circulation seems w'ell adjusted at the time , but it must be expected 
that difficult or impossible conditions may be encounteicd 

in a number of ai tides, Tom off continues his lemaikable reports on the 
closuie of the patent ductus m the piesence of subacute bactei lal endocarditis He 
has now done 12 opeiations, wuth 7 lecoA cries, 3 failuies and 2 suigical deaths He 
points out that m the eaily stages of infection the vegetations aie confined to the 
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187 McElvennj', R T The Present Status of Cooling Limbs in Preparation for Surgical 
Procedures, Am J Surg 58 110 (Oct) 1942 

188 Kennedy, J A A Technic and Device for Application of Ice Anesthesia for Ampu- 
tation of Extremities, U S Nav M Bull 41 226 (Jan ) 1943 

189 Livingston, W K Pain Mechanisms A Phvsiologic Interpretation of Causalgia 
and Its Related States, New York, The Macmillan Companj, 1943 

190 Keys, A , and Shapiro, M J Patencj'' of the Ductus Arteriosus in Adults, Am Heart 
J 25 158 (Feb) 1943 
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ductus and the pulmonai}' aiteiy, latei they may spread to the caidiac valves oi to 
the aoita Aoitic involvement is favoied by a shoit duct When peripheial emboli 
have occui i ed oi when othei congenital anomalies ai e present elsev hei e, the ligation 
IS not indicated 

The chief dangeis of the opeiations aie hemoirhage and injuiy to the lett 
lecuiient laiyngeal neive In the piesence of subacute bacteiial endocaiditis the 
likelihood of accidental hemoiihage is increased, because of the Inability of the duct 
The authois make se\eial technical suggestions, which have resulted in fieedom 
liom this complication m the last 4 cases, also the time of operation ma} be 
ntateiiall} i educed 

Othei cases aie lepoited by Nixon and O’Connell It seems that pediatri- 
cians and cai diologists sliould sei lously consider the single uninfected patent ductus 
aiteiiosus as a suigical indication Gioss has now peifoimed 30 opeiations, with 
2 deaths , Jones, 26, w ith 2 deaths These weie in cases without infection , obviously 
the presence of the bacteiial endocarditis inci eases the iisk, but, as Touiofif has 
demon stiated, even in such cases there is a chance foi cuie 

In a lecent lepoit on 6 patients made by Haiiington,^®'^ 1 had subacute bacteiial 
endocaiditis This 15 yeai old girl made a diamatic lecoveiy Hainngton has 
dexised a posterioi appioach thiough lesection of the fouith iib, wdiich seems to 
have much m its favoi 

It IS my impiession that ligation of the patent ductus aiteiiosus is one of the 
most significant advances in vasculai suigery 


192 Nixon, J W Ligation of a Patent Ductus Arteriosus Report of a Successful Case, 
Suigeri 12 31 (July) 1942 

193 O’Connell, W S Ligation of a Patent Ductus Arteriosus, Taft’s M J 8 101 1942 

194 Harrington, S W Patent Ductus Arteriosus with Bacterial Fndocarditis Trans- 
pleuial Ligation Through Posterolateral Approach, Report of Case, Proc Staff Meet, Mavo 
Clin 18 217 (Julj 14) 1943 
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Behavior and Neurosis By Jules H Masscrinan, MD Price, ''^3 00 Pp 269 Chicago 
The University of Chicago Press, 1943 

Dr Jilasserman has done a thorough and \\orkman-hkc job This is true lioth of his 
experimentation and of his study of the various interrelated fields with which his experimenta- 
tion is concerned His theoretic approach to the problem — the experimental induction and 
reduction of “neuroses” in cats — is holistic, and he is at great pains to refute the mechanistic 
concepts of the representatives of the Pavlovian and the post-Pavlo\ lan school of thought 
They, he says, are guilty of entangling thenisehcs in an c\er increasing complexitj of termi- 
nolog\ m an effort to uphold a position which can be more easilj and coherently explained bj 
assuming “(a) that behavior is motivated by the needs of the organism, (b) behaMor is 
leactively attuned to the animal’s interpretation of the phjsical and social meanings of its 
environment, and (c) that instinctual satisfaction and adaptation ma> be supplemented e\en 
in animals by expressive, substitutne, or symbolic conduct,” (p 13) This mcw' is held by both 
the modern and the eclectic school of biologic thought as well as b> the psjchoanaljsts 

He demonstrates that the hypothalamus is not a locus of sensory or affectnc emotionality 
but simply a coordinating motor station, stimulation of which produces no meaningful experience 
for the animal He observes that f lustration alone rareh brings forth neuiotic svmptoms but 
that it is necessary to have conflict of two opposing affects 

The therapeutic methods and their relative efficiencv are interesting The most effective 
method is “working through” , i e , the animal bj' being giv cn opportunitv to manipulate the 
conflictful situation plus encouragement from the experimenter gradiiallv overcomes the neurosis 
and the fear of the situation producing it 

Synopsis of Diseases of the Skin Bj Richard L Sutton, MD, and Riclnid L Sutton 

Jr, MD Price, $5 50 Pp 481 St Louis C V Mosbv Companv, 1942 

The Suttons, pci c ct fils, hav e collaborated to present in a compact form a general discussion 
of diseases of the skin The material is prepared primarilv for the phjsician m general practice 
rather than for the specialist in dcrmatologj' In order best to use their space, the authors 
have concentrated on simplicity and condensation, so thev devote most of the space to common 
conditions and allot only a little to unusual ones To further enhance the cssentiallj practical 

quality of the book there is an illustration on nearlj every page The illustrations are well 

selected and for the most part are clearcut and readily interpreted One minor criticism of the 
book has to do with the presentation of the systemic diseases which have cutaneous manifesta- 
tions One tends to gam the impression that the cutaneous lesions arc of primary importance 
whereas actually the underlying ctiologic factoi should dominate the whole consideration of 
the disease The book can be highly approved and is recommended to practitioners of medicine 
who see patients with cutaneous disorders onlv from time to time 

Kaiser Wakes the Doctors Bj Paul de Kriiif Price $2 00 Pp 158 New York 
Harcourt, Brace and Company, 1943 

Paul de Kruif always vviites cleverlv" and with enviable facilitv Here he calls hiinselt a 
medical reporter, telling in journalistic fashion the storv of the medical oigamzation ot Mr 
Henry J Kaisei’s ship-buildmg projects 

The book begins with an account of Dr Sidnej Gai field’s twelve bed hospital in Desert 
Center and shows how the idea back of this — a hospital supported bj manv small contributions 
from well persons to insure good care when illness finallv comes — was developed later bv 
Mr Kaiser at Grand Coulee and Permanentc, and finally on a still larger scale to include 
125,000 vvoikers and then families of the shipv'ards in Richmond Oakland and \ancouver. 
M'^ashmgton 

Obviously, in Dr de Kruif’s opinion, Air Kaiser has managed to finance the cost of good 
medical care successfully, and obviously, too, Di de Kruif has been much impressed bv 
Mr Kaiser He believes that Mr Kaiser’s methods, adopted to meet a wartime medica 
emergency, will prove sufficiently durable to carry over into times of peace Thus he enc s 
with the geneiality that some form of public health and hospital insurance will come into its 
own after the vvai because m all probability the structure of medicine can no longer e 
supported by charity, by endowments or by large grants of money from a few sources 
will be all right if only a man like Air Kaiser continues to spur on the doctors and eep 
them awake 
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The book IS uiitten foi the geneial public rather than for the members of the medical 
profession It seems to have been put together in a hurry and reads almost as if it had 
been dictated, so tliat its litciary style is affectedly colloquial But it is a short volume and 
easily lead 

Hypertension By Ii line H Page, M D Price §1 SO Pp 80, with 7 illustrations Spring- 
field, 111 Chailes C Thomas, Publishei, 1943 

The pci son \\ ho is suddenly told he has high blood pressure is frightened and bewildered ” 
^Vlth this first sentence the reviewer parts company with the author Doctors should not 
tell patients about blood pressure in such a way as to frighten and bewilder them, they must 
go to great pains to accomplish the opposite of this If they fail, the situation will probably 
not be remedied by this manual, which may at many points create more alarm from the 
picture of the aiterioscleiotic vessel to the statement that the damaged arteries may give 
waj, and on to the therapeutic advice which is quite sound but of necessity purely general 
The truth of the matter is that the whole idea of manuals of this sort, no matter how well 
they are prepared, is open to question For diabetic patients a well devised manual is, to 
be sure, useful if not actually necessar}^ because of the mathematical data on diet and on 
sugar m the urine and blood wdneh must be dealt with When it comes, however, to hyper- 
tension, pernicious anemia, gastric ulcer, allergy, etc , such compendiums in no sense can replace 
the mdnidual advice which the doctor must give to each patient, a fact wdiich most of the 
writers themsehes take pains to emphasize 

The Epidemiology of Rheumatic Fever and Some of Its Public Health Aspects 
Bj John R Paul, M D , and other contributors, for the American Heart Association 
New’ York Metropolitan Life Insurance Company, 1943 

The author looks on rheumatic fever as a specific disease, though he admits that theie is 
not uniformity of opinion in so regarding it The argument centers on the relationship of 
hemolytic streptococcic infections to rheumatic fever There is no doubt of tlie close relation- 
ship between the tw’O Nevertheless it has not been proved that hemolytic streptococci aie 
the only infectious agents in rheumatic fever, and until this question has been settled it is 
wise to consider it a distinct disease 

Rheumatic fever has been poorly defined and has been neglected in compilations of vital 
statistics Only a rough estimate of its incidence and importance can be obtained How'ever, 
m the northern half of the country it probably ranks next to tuberculosis and syphilis among 
the chronic infections 

The period of greatest susceptibility is that of midchildhood, which is due m part peihaps 
to the fact that there is more oppoitumty for exposure at this age 

Both environment and inherited tendencies are important in determining the prevalence of 
rheumatic fever Among environmental factors, climate, season and living conditions are 
important The important features m the living conditions seem to be crowding, poverty and 
perhaps damp living quarters 

A study of rheumatic families has revealed that there is an inherited tendency to acquire 
the disease 

The author stresses the fact that the public health aspects of rheumatic fever have been 
neglected A first step must be education of physicians, nurses and social service w’orkers to the 
importance of the problem Mam effort should be concentrated on early recognition of the 
disease and provision of adequate facilities for the care of those w’ho are already suffering 
from It 

This excellent monograph deserves the attention of all w’ho are interested in rheumatic fever 

Allergy, Anaphylaxis and Immunotherapy By Bret Ratner, M D Price $8 50 Pp 834 
Ealtimoie Williams & Wilkins Company, 1943 

The title of this book rather belies its contents One would gather the impression that it 
was a book on allergy piepared by an allergist for allergists On the contrary, the author 
IS clinical professoi of pediatrics in one of the New York schools and the book has been 
prepared for the practitioner of medicine who is engaged m the treatment of disease and all 
its ramifications Ratnei was motiv’ated, as he says in the preface, by a desire to understand 
alleigy Then having gamed know’ledge of this very important physical state, it became 
obvious to him that it would be wise to acquaint the medical profession with the reasons 
wh\’ serums and vaccines were giv’en, W’hy blood substitutes and sulfonamides w ere an integral 
part of chemotherapy and why these various agents acted as they did It w'ould seem that 
the author has well accomplished his objective As a practicing physician he presents a clear 
exposition of the general principles of immunotherapy and the methods of making use of immuno- 
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therapeutic agents and to these two main sections he has added an excellent description of 
the allergic state 

It IS rather interesting that there are some forty diseases or disorders which may be 
treated by vaccines, serums, toxins and other potent biologic pi cparations Most of these diseases 
are considered to a very w'lde extent so far as then treatment is concerned A few of the 
rarer conditions are not elaborated on in quite so niucli detail As the section on treatment 
(immunotherapy) occupies a goodly portion of the book, it can be seen that the work should 
be of great value to the practicing phjsician For this purpose alone it can be recommended 
w'lthout qualification 

The foimat of the book is excellent One ciiticism might be made of the typography, that 
IS, that some of the illustiations arc not paiticularly clear, due cither to poor focusing of 
the camera w'hich made the pictures oi else to the grade of paper that is used in the book 

Tifus exantematico Etiologfa — clfnica — profilaxis By Prof Dr G Cla\ero and Dr 
F Perez Gallardo Pp 166 and x\i, with a prologue by Dr Jose A Palanca, Director 
of Health Madrid Graficas Afiodisio 'kguado, S A , 1941 

This monograph is a concise presentation of classic t\phus After a brief sketch of the 
history and the geogiaphic distribution, in which arc presented data on the recent epidemic 
in Spain, the disease is described in considerable detail The etiology, clincal characterstics, 
pathologic anatomy, immunology, epidemiology and piophylaxis arc all well outlined Labora- 
tory procedures useful m the study of the disease are also included In an appendix several 
related rickettsial diseases, namelv endemic typhus, tabardillo. Rocky Mountain spotted fever 
and others, are briefly mentioned foi the sake of completeness 

The authors note that vaccination with the vaccine prepared by the method of Cox 
(United States Public Health Scivice) was tried in Spam Their impression is that the 
vaccine did not piotect against infection but that it served definitely to ameliorate an attack of 
the disease 

In a later publication (La pnicba intradcrmica de Giroud cn la infcccion tifoexantcmatica. 
Rev San y litg pub, December 1942) the same authors report their experience witli the 
detection of immune bodies in human scrum by means of a cutaneous test on rabbits When 
living nckcttsias from egg membranes are injected intradcrmally , a local lesion, consisting of 
■erythema, nodule formation and sometimes central necrosis, appears within fortv -eight hours 
If the rickettsns arc first incubated with immune scrum the lesion docs not appear The test 
continues to giv^e a positive result for at least eleven months after infection 


News and Comment 


Dr Nathan S Davis III of Chicago Honored — Dr Nathan S Davis III, of Chicago 
assistant professor of medicine, Northwestern Univeisity Medical School, has been awarded 
the Distinguished Seivicc Award of the Mississippi Valley kledical Society, consisting of a 
gold medal and a certificate The citation m connection with the award reads “A high ty'pe 
of physician, an able clinician, a V'ery accuiatc mv'cstigator and, last but not least, a w'riter of 
symdicated medical adv'ice for the public While he descends from an illustrious familv m 
medicine, he has carved his ow n nitch in the profession ” 
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CHRONIC PULMONARY OSTEOARTHROPATHY 

DYSPITUITARISM AS A PROBABLE CAUSE 
B M FRIED, MD 

NEW YORK 

Since Hippocrates repoited his observation on the occuiience of fusifoini 
swelling of the terminal phalanges in persons with consumption this phenomenon 
has been noted repeatedly by physicians, who, though ignorant of its pathogenesis, 
ne\eitheless attached great significance to its appearance m wasting patients The 
Fiench ph 3 '^sician Pigeaux^ wrote in 1832 “The secret and almost mysteiious 
relationship between phthisis and the state of nails evidently shows that oldei 
physicians were inclined to attach importance to small details which even in the 
19th century represent elements of good diagnosis ” 

Interested in small details, physicians of the past overlooked, however, anothei 
detail, namely, that fusifoim thickening of the phalanges sometimes accompanies 
a diffuse involvement of the skeleton When similar widespiead lesions weie 
observed, they were not associated with the clubbed fingers and weie not looked 
on as a sequel of a visceial disease, such as a disease of the lungs or heait, but vere 
considered as a malady sin geneus Indeed, to the lattei part of the nineteenth 
centuiy chionic pulmonary osteoarthi opathy was confused with aithntis defoimans, 
aciomegaly, Paget’s disease of the bones and leonthiasis ossea and even with 
osteomalacia, which was not rare in those years 

Bamberger, in a brief presentation before the Wienei medisimscher Gesellschaff 
in 1889, was the first to record the obseivation that his patients with clubbed 
fingeis also displayed a thickening of the hands, wrists, feet and legs Moreovei, 
he found the condition not only in tuberculosis, a belief hitherto entertained, but in 
bronchiectasis, empyema and congenital heart diseases Almost simultaneous!} 
theie appealed an article by Pieiie Mane," whose aim was chiefly to cleai aw^ay 
misconceptions “I wish at first,” wrote the French clinician, “to clear the field 
of aciomegaly of facts not germane to it ” He first reviewed a case of a condition 
lepoited by him previously as aciomegaly and found it to be a separate entity 
By analyzing this case and those with identical symptoms available m the litera- 
tuie he stiessed that in all of them the skeletal defoimity and the clinical features 
w^ere not characteristic of acromegaly, also that they were invaiiably pieceded 
and accompanied by a long-standing disease of the lungs He then expiessed the 
opinion that the peculiar overgrowth of the bones m these cases, which he labeled 
osteo-arthropathie hypefti oplnante pneumique, lesulted from a primary pulmonar} 
disease Bamberger ,2 in another and more detailed paper, published in 1891, 
corioborated Marie’s findings 

From the Division of Pulmonary Diseases, Montefiore Hospital 

Aided by a grant from the Rose Lampert Graff Foundation, Los Angeles 

1 Pigeaux, J Arch gen de med 29 174, 1832 

2 Mane, P Rev de med 10 1, 1890 

3 Bamberger, E Ztschr f klin Med 18 193, 1891 
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As Paget’s disease of the bones was isolated even before Mane’s classic destiip- 
tion of acioinegaty, it ensued that a group of diseases foiineily classed with it 
clinically was dissociated Moieovei, wdnlc the pathogenesis of Paget’s disease 
leinained obscuie, as it still is today, that of acromegaly and of chronic pulmonai} 
osteoai thropathy w'as thought to have been elucidated Acromegaly was ascei tamed 
to lesult fiom an adenoma of the anterior part of the hypophysis, and osteoarthi op- 
athy w'as attributed to circulatory disturbances in the pulmonary circuit oi to 
toxins emanating fiom the long-standing infection of the lungs 

W’hile the etiologic lelationship between the pituitary gland and aciomegah 
IS no longei contested, the causative factor of chronic pulmonary osteoarthi opatln 
remains problematic 

The 4 cases wdneh I had the opportunity of studying m recent reais hare 
levealed features wdiich w'ould suggest that contrary to general belief the cause 
of chronic pulmonary osteoai tin opath)'- ma}^ not be remote from that of acromegal} 
and that heie too one is probalily dealing with an endocrinopathy caused In a 
disease that oiiginated pnmaiily m the lungs 

RLPORT or CASrS 

Cash 1 — Histoiy — A carpenter aged 45 jears entered the Montcfiorc Hospital for the 
first time on Oct 8, 1932, complaining of pain in the left side of the chest, swelling of the 
hands and feet and weakness He neither smoked nor indulged in alcohol He was married, 
and his wife and child, 5 jears old, were in good health, as were his mother and twehc 
brothers and sisters His father died at the age of 73 of carcinoma of the stomach 

The patient became ill in January 1932, experiencing a general malaise accompanied hs 
fever and cough, productnc of a small amount of sputum As treatment at home led to no 
improtement, he was hospitalircd in the middle of April 1932 41 this time there were 

migratory pains in the joints of his hands and feet and pain in the jirccordium ladiating to 
the shoulder It was noticed that his left eye was ptotic and that his fingers and toes wci:: 
noticeably clubbed 

The 1 oentgenograms rctealed a dense shadow at the apex of the left lung, which was 
interpreted as an old tuberculous lesion The right knee joint showed considerable periarticular 
thickening and hypertrophv of the synot'ial membrane with sofne thickening of the supra- 
patellar bursa The left showed in addition an inferior suprapatellar bursitis The lower 
under surface and the shafts of the humeri, the radiuses and the ulnas showed productnc 
periostitis The laboratory data were noncontributorj lie was discharged from the hospital 
with the diagnosis of fibroid phthisis and chronic pulmonary osteoarthropathv 

His health grew' worse, and m Jul> 1932 he was hospitalired in another institution, where 
his hands and feet were found to be “trcmcndouslj swollen" A considerable degree of clubbing 
and cyanosis of the fingers and toes w’crc also recorded There was swelling but not pitting 
edema of the soft tissues of the hands and feet extending above the wrists and ankles 4 
i oentgenogi am of the lungs showed a complete ‘Selling” of the left apex, the long bones ot 
the hands and feet showed "marked periosteal infiltration” In this hospital, too the diagnosis 
was tuberculosis of the apex of the left lung and osleoarthropath\ 

The man’s health declined, and he lost weight (12 Kg in one \ear) On one occasion he 
had a small hemoptysis On Oct 8, 1932 he was admitted to the Montefiore Hospital 

Examwatwu — The patient w'as a tall, tvcll developed man show'ing evidence ot recent 
loss of weight, he weighed 58 Kg No dyspnea or orthopnea was noted His skin was dr\ 
but normally w’arm His lower jaw' was prognathic (fig 1) and his hands and feet niassnt 
the fingers showed clubbing The chest was asymmetric, the left hemithorax being flatter than 
the right The left supraclavicular and infraclavicular fossae were prominent and tendei 
on palpation The peripheral blood vessels were not enlarged, and there was no supeificia! 
edema The left lung showed decreased vocal fremitus over the apex, extending down to the 
second rib anteriorly and to the third rib postenoih The percussion note w'as nearh flat 
the voice and breath sounds w'cre diminished, but there w'cre no rales The skin of the 
forehead show'ed considerable furrow’ing The abdominal and pelvic viscera and the gcnitaln 
show'ed no abnormalities There w'as pam m the left shouldet joint and arm, and motion 
was limited The left eye show’ed Horner’s syndrome (fig 1) The results of the neuiologic 
examination were normal The diagnosis w’as carcinoma of the upper lobe of the left lung 
and chronic pulmonary osteoarthropathy 
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A roentgenogram of the chest taken October 11 showed a dense shadow in the apical region 
extending fiom the apex down to and just beyond the first nb anteriorly The shadow was 
sharpb delineated (fig 1) The diagnosis was primary neoplasm of the lung Roentgen 
examination of the left shoulder show'ed periosteal thickening along the shaft of the claMcle, 
arthiitic changes involving the bone forming the shoulder joint and thickening of the pciiosteum 



Fig 1 (case 1) — Tumor of the left superior pulmonary sulcus (bronchiogemc cancer) 
Roentgenogram of the right hand and the left foot, showing extensive warthke periosteal over- 
growth and tufting of the terminal phalanges In the inset is the patient’s “oval” face, showing 
prognathism and left Horner’s svndrome 

along the shaft of the humerus A pronounced osteoarthropathy was present in the hands, 
all the bones appearing considerably broadened and somewhat shorter than normal, with a 
high degree of periosteal reaction and some sclerosis of bone The feet, too, showed the same 
pathologic process (fig 1) There w'as tufting of the terminal phalanges of the hands and feet 
The basal metabolic rate was -{-15 per cent 


568 


ARCHIVES OP INTERNAL MEDICINE 


The patient ran a downward course The Hornei syndrome became more accentuated 
There occurred a destruction of the first, second and third ribs on the left side and eiosion 
of the left bordei of the corresponding vertebrae Paraplegia developed, and the patient died 
Ncciopsy — Gross Examination The body measured 168 cm The lower jaw was 
prognathic The hands and feet w'erc voluminous and show'cd extreme clubbing of fingers 
and toes, wuth very slight edema The edge of the liver extended 4 cm below the right costal 
margin in the mamillary line The right lung was free of adhesions, but the left was denseh 
adherent to the chest w'all above the liilum The apical scgniuit of the left lung was replaced 
by firm tissue wdiich on separation from the anterior portion of the wall of the chest was 
found to extend up to the base of the neck on the right side, compressing the trachea There 
w'as invasion by tumor of the sternal portion of the first rib and of the posterior portions of 
the first three ribs The left side of each of the first tlirce dorsal vertebrae w'as also eroded 
The heart weighed 470 Gm The pericardial sac was adherent to the upper portion of 
the left lung The myocardium was brownish red and firm Both ventricles were dilated 
and hj pertrophied, but the valves and the coronary arteries were normal The pulmonary ring 
measured 8 cm , the mitral, 10 cm, and the tiicuspid, 14 cm The thickness of the wall 
of the left ventricle varied from 8 to 13 mm and that of the right from 2 to 4 mm The 
pulmonary vessels were v\idcly patent The aorta sliowed occasional small atheromatous 
plaques 

The right lung was normal and the pleural cavity patent In the left lung, beginning 2 cm 
below^ the level of the bifurcation of the mam bronchus, the upper lobe was replaced by a fairlv 
well circumscribed tumor The secondary blanches of the upper lobe bronchus were largeh 
obliterated by the neoplasm The tracheobronchial lymph nodes were firm but contained no 
tumor The blood vessels in both lungs were normal No metastases were present in other 
parts of this lung or in tlie right lung, and no abnormalities were noticed in the bronchi 
thioughout the lungs 

The liver weighed 2,000 Gm and measured 20 by 9 by 8 cm The right adrenal glana 
weighed 17 Gm , and the left weighed 10 Gm A minute tumor nodule was visible in 
each adrenal The right kidney weighed 280 Gm and measured 14 by 7 by 5 cm The left 
kidney weighed 340 Gm and mcasuied 14 by 8 by 6 cm Both kidney's appeared large and 
firm but showed no invasion by tumor tissue The thyroid, too, was considerably enlarged, 
but there were no visibilc abnormalities The testes were small and firm 

The brain and the meninges revealed no gross pathologic changes The sella turcica was 
conspicuously enlarged, and the pituitary was twice its normal si/e 

Microscopic Examination Histologic sections showed a stratified squamous epithelial 
carcinoma of moderate malignancy Tumor cells were present in the perivascular Ivmphatics 
and occasionally in the outer coat of the wall of some vessels The adrenals contained a lew 
minute clumps of metastatic tumor cells The striated muscle of the heart showed hypertrophv 
and fragmentation The liver showed increase in fibrous tissue in the periportal areas but 
no pioliferation of the bile ducts, the configuration of the lobule was preserved The spleen 
showed areas of amyloid There was atrophy' of the testes, with no spermatogenesis In the 
pituitary there were hypertrophy and extensive proliferation of the eosinophilic cells 

Comment — The principal lesion in this case was a carcinoma of the left pulmonary apex 
a so-called superior pulmonary sulcus tumor Apparently the osteoarthropathy reached con- 
siderable dimensions when the neoplasm was still small In two hospitals where the patient 
was observed prior to his entry to the Montefiore Hospital the ‘Veiling’’ of the apex was 
identified as tuberculous and not carcinomatous There was no suppuration of the lung or ot 
the tumor at the postmortem investigation 

The appearance of the patient was that of a person with acromegaly', the face was oval 
and the chin strong, the hands were voluminous and spadelike and the feet were gigantic 
This was due to the characteristic periosteal overgrowth as well as to the increase in size 
of the soft tissues, which were svv'ollen without revealing traces of pitting edema It is not 
understood why megaha cutis et ossium should make its appearance in one case and be absent 
in others 

Not only the extiemities (oKpa) but the v'lscera as well were enlarged (ixeya\a) The 
patient showed a splanchnoniegaly As Ins vv’eight befoie death was about 52 Kg, the weight 
of his heart (470 Gm), spleen (430 Gm), kidneys (620 Gm ) and adrenals (27 Gm ) should 
be considered as enormously increased 

Tufting of the terminal phalanges characteristic of acromegaly was present in this case too 
Finally, the pituitary gland was twice its normal size, revealing a pronounced hyperplasia 
of the eosinophilic cells The testes showed atrophy of tubules, with no spermatogenesis 

Case 2 — Histoiy — A housewife of 61 years entered the Montefiore Hospital complaining 
of weakness and of constant pain in the lovv'er extremities Her husband and five children 
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were living and w'ell One child had died at the age of 5 years of croup There had been 
one miscarriage at the third month of pregnancy, following a fall Seienteen years prior to 
her admission, after an episode of irregular vaginal bleeding, her uterus and tubes w'ere 
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Fig 2 (case 2) — Roentgen appearance of cancer of the lower lobe of the left lung 
Photograph of the patient, wnth redundant e 5 ’^elids, macroglossia, sw'ollen hands, clubbed fingers 
and hirsutism 

remov'ed In 1925 she underwent a perineal operation complicated by an abscess of the right 
lung w'hich subsided spontaneous!} In 1929 hei gallbladder was lemoved, it w'as inflamed 
but contained no stones 
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Her present illness began in the fall of 1940, with a “cold” which persisted for two months 
After that a cough productive of small amounts of sputum developed Simultaneously her 
appetite began to deteriorate, and soon pain in the knee joints and legs set in, her fingers 
commenced to show' clubbing 

In February 1941 she entered a hospital, where it was noticed that “her features were 
heavj" and her skin was coarse, dry and thick” Her fingers and toes showed a marked 
degree of clubbing, the nails were beak shaped Nothing abnormal was found in the lungs 
She -was discharged unimproved A few' weeks later she entered the Montefiore Hospital 
Examination — The patient was obese despite evidence of recent loss of weight Her skin 

w'as gray and coarse There w'as no apparent thinning of the eyebrow's, the upper lip showed 

a considerable degree of hirsutism Her tongue was noticeably enlarged (macroglossia) 
and Its dorsum w'as coarsely furrowed (fig 2) There was rounding of the shoulders, and 

the lips w'ere thick There were deep corrugations of the scalp resembling tbe “bulldog” 

scalp as described by American authors in aciomegah It could be picked up in large folds, 
especially around the occipital region (It could not be photographed because of the growth 
of hair on the head, which the woman refused to ha\c removed ) Over the forehead, face and 
upper ejelids, too, the skin was thickened, fui rowed and redundant Forearms, hands legs 
and feet w’ere enormouslj enlarged The length of the fingers w'as not affected, but the} 
show'ed pronounced clubbing (fig 2) and their circumferences as well as those of the hands 
were greatly increased The ankles and feet were swollen, with pronounced enlargement ot 
the feet and toes of the same character as in the upper extremities The circumferences of 
various structures of the upper and of the low'cr extremities are shown in the table 

Circumference, Cm Circumference Cm 


Structure 

Right 

Left 

StruLture 

Right 

Left 

Thumb 

6 

6 

First toe 

10 75 

10 50 

Index finger 

95 

95 

Second toe 

675 

7 

Lliddle finger 

9 75 

95 

Third toe 

7 

6 75 

Ring finger 

925 

95 

Fourth toe 

675 

675 

Little finger 

9 

9 

Fifth toe 

65 

6 5 


The circumference of the right wrist was 20 5 cm and of the left 19 5 cm , of the right palm 
22 25 and of the left 21 The right foot at the ankle measured 28 cm in circumference, 
the left 29, the right calf measured 315 cm and the left 315 There was extreme tender- 
ness of the bones of the hands and wrists, also of the lower ends of the radiuses and ulnas The 
outer third of the clavicle, too, was extremely tender The neurologic examination showed no 
abnormalities, and a bronchoscopic study failed to reveal an endobronchial lesion 

Labotatoiy Data — The basal metabolic rate was -f 1 per cent The hemoglobin content 
was 71 per cent The white blood corpuscles numbered 7,200 per cubic millimeter, with a 
normal differential count The urine was normal 1 he concentration of sugar m the blood 
was 123 mg per hundred cubic centimeters of blood, of urea, 114 mg , of cholesterol, 158 
mg , of calcium, 9 4 mg , of phosphorus, 3 3 mg , of albumin, 3 8 mg , and of globulin, 2 4 
The phosphatase activity was 5 3 Bodansky units The blood pressure was 112 s}stolic and 
78 diastolic 

Roentgenologic Examination — Chest A large circular, sharply delineated mass about 3 cm 
in diameter was seen extending from the left hilum (fig 2) A lateral view revealed the mass 
to be situated in the midportion of the lung, probably in the upper lobe, close to the lulus 
Left Shoulder Including the Upper Two Thirds of the Humerus There was an irregular 
periosteal thickening of the bone along the entire shaft of the humerus and along the outer 
third of the shaft of the clavicle Hyperostotic changes were noted to inv'olve the acromion 
process of the scapula, with periosteal thickening along the lateral border 

Right Shoulder There was periosteal thickening of the bone along the outer third of 
the shaft of the clavicle and periosteal thickening along the medial aspect of the upper third 
of the shaft of the humerus and the lateral aspect of the lower third 

Hands There were extensive deposits under the peiiosteum of the phalanges and meta- 
carpal bones (fig 3) 

Left Forearm Theie was irregular periosteal thickening along the shafts of both bones 
The thickening was most pronounced along the upper third of the shaft of the ulna and was 
similar to the changes noted in the hands and feet 

Legs Irregular periosteal thickening was observed along the shafts of both bones 
Feet There w'ere extensive irregular subperiosteal deposits along the shafts of all the 
metatarsal bones and the proximal row of phalanges (fig 3) There was also periosteal 
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thickening along the medial and lateral aspects of the shafts of the femurs The teiminal 
phalanges of the fingers and toes showed tufting (fig 3) The sella turcica was not enlarged, 
but the ciamal bones w^ere thickened 

The clinical diagnosis w'as acropachj'dei ma with pachypenostosis , tiimoi of the lung 

Tissue obtained b}'^ aspiration fiom the mass in the chest visualized w'lth roentgen rays 
showed the growth to be a squamous cell carcinoma The woman died after se\cn months 
m the hospital Autopsy was not performed 

Comment — While in the pievious case the pulmonary cancer wuth Pancoast syndtomc fully 
absorbed my initial inteiest (the case has been reported from this angle -i), the appearance 
of this patient W’as so striking that the mass visualized in the lungs was relegated to a second 
rank and the interest w'as centered on the identification of the evtrapulmonary condition The 
two diseases were thought to be independent of each other 

Myxedema, to be sure, was the first diagnosis that came to mind But that she had no 
hypothyroid disease soon became apparent from her normal basal metabolic late, her voice, her 
skin and other signs 

Her general appearance strongly suggested acromegaly of the massive type ityl>c massif) 
as opposed to the giant type (/y/>e gcant) described by Mane Similar to patients with 



Fig 3 (case 2) — Marked thickening of the bones of the cranial vault Roentgen appear- 
ance of hand and foot, with extensive wartlike periostitis and tufting of terminal phalanges of 
fingers and toes 

acromegaly, she showed involvement of the skeleton, with the characteristic tufting of the 
terminal phalanges, and soft tissues Her tongue w'as enlarged (macroglossia), her features 
coarse, her eyes puffy, her skull thickened and her scalp redundant ("bulldog” scalp) 

The characteristics enumerated brought to mind another condition discussed at some length 
in Europe but barely touched on m America The condition was described under various titles 
cutis verticis gyrata, pachyacria, megalia cutis et ossium, pseudoacromegaly and acromegalism 
Originally it w^as believed that the condition represented a variety of diseases until Touraine, 
Solente and Gole ® produced evidence to show that in all cases the malady w'as the same 
Gole,® an assistant of Touraine, abstracted most of the reported cases in a thesis entitled 
"Un syndrome osteo-dermopathique , pachydermic plicaturee avec pachyperiostose des 
extremites ” Brugsch," m a report of a case thought the name “acropachj derma w ith pachy- 

4 Fried, B M Am J Cancer 20 791, 1934 

5 Touraine, A , Solente, G , and Gole, L Presse med 43 1820 1935 

6 Gole, L Un syndrome osteo-dermopathique, Thesis, Pans, Vigot freres, 1935 

7 Brugsch, H G Acropachyderma w’lth Pachj'periositis, Arch Int Med 68 687 (Oct ) 

1941 
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periostosis” more suitable The malady is chaiacteiized bj new deposits of periosteum aiouiid 
the long bones , by increase in size of the extremities (squaring) , by clubbing of the fingers 
and toes, and b}’^ ledundancy of the skin of the face and skull In the cases lepoited in the 
literature the disease occurred in young males It is to be stressed that it ^\as not preceded 
or accompanied by any other disease of the visccia 

Case 3 — Histoty — A childless widow of 55 years entered the hospital in September 1932 
complaining of productive cough and pains in the upper and lower extremities Earlj in 1930 
she was affected by postprandial attacks of vomiting, which w'ere relieved b\ dieting and 
gastric lavage With her respiratory difficulties unabated she was admitted to a hospital, 
w'here a roentgen examination revealed a shadow occupjing the mesial portion of the lower 
half of the upper lobe of the right lung With tlie bronchoscope an infiltration of the right 
main bronchus extending into the upper lobe bronchus was seen She w'as subjected to treat- 
ment wuth roentgen rays, but this w'as soon abandoned because of repeated hemoptjses and 
constant blood streaking She was discharged from the institution unimproved 

The mild pain in the extremities wdiich had existed for some time became aggra\ated, and 
motion became painful She lost w'eight and strength She was then hospitalized at the 
Montefiore Hospital 

E'iavmiatioii — She appeared frail and undci nourished Her chin and upper lip were 
covered with a thick grow’th of hair The hirsutism had appeared about one jear pre\iousl>, 
at which tune her skin began to take on a brownish hue, she w’as never bronzed There 
was considerable puffiness around her ejes, giving her a mongoloid appearance There was 
a general adenopathy, and the cervical veins showed dilatation Her extremities were massive 
in contrast to her frail body, which weighed dO Kg The extremities throughout their entire 
length were thick, round and shapeless, which gave hci a grotesque appearance The hands 
were wide and spadelike The distal phalanges were clubbed, and the distal portions of the 
radiuses and ulnas were greatly widened There was no pitting edema 

The right hcmithorax was retracted, and the trachea was deviated to this side There was 
dulness to percussion, and rales were heard throughout the entire right lung, the left lung 
showed no abnormalities The liver was palpable several centimeters below the costal margin, 
but there was no tenderness on palpation of the abdomen The blood pressure was 160 svstolic 
and 100 diastolic There was a mild hypochromic anemia The basal metabolic rate oscillated 
between -f 18 and -f-25 per cent There was severe trismus, the separation between the 
upper and the lower jaw being no more than a few millimeters, the separation could be 
made only by force 

Roentgen Evannnaiion — Chest A fairlv large mass, the size of a lemon, extending out 
from the right lulus and spreading toward the parenchyma was noticccd The middle and 
low^er lobes contained a few metastatic nodules, and the pleura seemed to be thickened 
(fig 4) 

Bones The bones were moderately atrophic, showing extensive periosteal thickening along 
the entire extent of the shafts of the humeri (fig 4) The hands revealed periosteal thickening 
along the metacarpal bones, the phalanges, the radiuses and ulnas (fig 4) There was tufting 
of the terminal phalanges of fingers and toes 

Couise — The patient declined slowly and died after scveial months in the hospital 

Necropsy — Gross Examination The body was that of a poorlj developed and consideiablj 
emaciated woman, 145 cm in length The skin was pale and sallow , the hair was gra}, 
coarse and abundant The upper eyelids were puffj, producing a mongoloid appearance The 
chin and uppei lip were abundantly covered with haii All extremities showed a high degree 
of osteoarthropathy The distal phalanges icvcalcd a pronounced clubbing and the distal 
portions of the arms a noticeable widening 

The left lung was free from adhesions and appeared normal, while the right was firmlv^ 
adherent to the chest wall It was about one half the size of the left, its pleura measuring 
5 mm in thickness The upper lobe was fibious and atelectatic At the lulus all lobes showed 
infiltration by a tumor mass measuring 3 5 cm in diameter The growth began about 1 cm 
below the bifurcation and grew downward along the peribronchial tissue, virtually enveloping 
the bronchi The right mam artery was surrounded bj' the greatly thickened pleura, which 
was infiltrated by tumor so that its lumen was nan owed The superior vena cava, too, was 
encircled by the thick pleura, which distoi ted its course and narrowed its lumen The 
tracheobronchial lymph nodes were invaded by tumor The heart, liver, kidneys and spleen 
were normal in appearance The left adrenal gland showed a cortical adenoma measuring 
0 5 cm in diameter The thyroid showed several adenomas The uterus contained myomas, 
and the ovaries were small and fibrous The brain, the pituitary body and the pineal gland 
were seemingly normal The anatomic diagnoses were bronchiogenic carcinoma on the 
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right side with metastases to the left Jung, the left kidney, the spleen and the vertebral 
column , hirsutism , cortical adenoma of the left adrenal , adenoma of the thyroid , myoma of 
the uterus, diffuse pulmonary osteoarthropathy 

Microscopic Examination Histologically the tumor was a stratified squamous epitiielia! 
carcinoma The diseased lung showed wide areas of fibrosis due apparently to radiation 



Fig 4 (case 3) — Aj cancer of the lower lobe of the right lung The right humerus shows 
periosteal overgrowth B, roentgen appearance of the left hand, with periostitis of the phalanges, 
ulna and radius and some atrophy of bones and tufting of the terminal phalanges 


therapy The thyroid show'cd a moderate degree of colloid goiter and several adenomas The 
adrenals, too, showed a sizable adenoma In the pituitary there was hyperplasia of the cells 
of the anterior lobe with eosinophilic elements m the majority 
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Comment — In tins ease the tumoi took ongin in the mucosa of the right mam bronchus, 
forming a lelatnelv small mass at the hilus of the lung Ihc fibrosis and shrinkage of the 
pulmonary tissue weie due to the radiation thcrap} rather than to the neoplasm, culminating 
m the mutilation of the bronchi and blood vessels 

As m other cases of this group the megalia cutis ct ossium became manifest clmicallj 
prior to that of the malignant new growth As m the other cases, too, this aspect ot the 
disease w'as merely recorded and otherwise was neglected 

The consensus w'as that the woman had mj'\edema m addition to her pulmonarj cancer 
It IS of interest that wdiereas carcinoma rarelj' develops in a patient w'lth hjperthyroidism 
Its occurrence m a patient with hypothyroidism (myxedema) is not uncommon At necrops\ 
one adrenal and the thyroid show'ed sirable adenomas and the pituitary showed Inpcrplasia 
of the oxyphilic cells 

Case 4 — Histoiy — A manual laborer 41 years of age, whose wife and 17 year old daughtci 
were in good health, w’as admitted to the Montcfiorc Hospital in March 1937 His father, 
a sufferer from asthma for many years, had died at 65 jeais of a cause unknown to the 
patient His mother had died at the age of 32 jears after a miscarriage Ten stepbrothers and 
stepsisters w’ere in good health 

The onset of illness dated back to the latter part of 1935 It started with painiul swelling 
imohing successively the ankles, knees, upper extremities and shoulder joints From Apiil 
to Octobei 1936, he w’as under observation succcssivclj m three hosjntals The report ot the 
diagnosis m the first hospital (October 1936) read as follows 

The lungs and the heart showed no abnormalities The upper extremities showed limitation 
of and pain m all joints on motion The wrists and elbows were swollen and warm The 
hands were considerably cnlaiged and swollen, as were the proximal mtcrphalangcal joints 
The knees, ankles and feet, too, were hot and tender on motion, motion was limited The 
feet were considerablj enlarged There was marked swelling of the breast Eronchoscopic 
examination failed to reveal abnormalities, but an aspiration biopsj of the lung revealed tumor 
tissue which suggested metastatic carcinoma The Wassermann and Kahn reactions were 
negative, and the exudate from the joints showed no abnormalities The patient was discharged 
irom the hospital after two and one half months Two weeks later he was readmitted to 
the same institution In the interval he had gamed 2 Kg in weight, but a productive cough 
small hemoptjses and dull pain in the right hemithorax had developed Pam m the knee 
joints became aggravated and their motion more restricted His temperature averaged 101 5 F 
His featuies were coarse, his breasts were considerablj enlarged and the extremities were 
massive The pain m the joints was so severe that large doses of sedatives were required 
to afford minimal relief In the right lung there was an area of dulness, bronchov esicular 
breathing, decreased vocal fremitus and moist rales were found anteriorly between the lourth 
and the sixth ribs On roentgen examination the shadow in the right lung v isualized prev loiislv 
was now larger There was loss of normal tapering of forearms The erythroevte sedi- 
mentation rate was 55 per cent He was discharged and shortlj after entered the Montefiore 
Hospital 

G 70 SS Eiammatwn — At klontefiore Hospital the following obseivations on admission weie 
recorded There was evidence of considerable loss of weight The joints of the hands, 
shoulders, feet and knees were severelj swollen and painful The lower limbs were massive, 
clumsy and shapeless The tibias showed anterior bowing (fig 5) The hands were particularlj 
striking, resembling spades 01 paddles with the fingers showing pronounced clubbing (figs 
5 and 6) The joints of the knees and ankles contained small amounts of fluid There was 
general adenopathy and gynecomastia The lower two thirds of the right lung were dull to 
percussion, and the breath sounds m this area were barelv audible His features were coarse 
and the color of the skin somewhat bronzed, though not pigmented 

Roentgen Eiamtnation of Bones — There was an enormous periosteal reaction with bone 
production about the shafts of the femurs, tibias, fibulas and metacarpal bones There was 
extreme thickening and irregularity of the periosteum along the shafts of the humeri, ulnas, 
radiuses, tibias and fibulas (fig 5) In the pelvis there were hypertrophic changes along both 
ihums and femurs The sella turcica was large, but there were no evidences of destruction 
B 7 onehoscopte E\a7nmattou — Eronchoscopic examination revealed a large friable mass 
completely occluding the bronchus of the lovv'er lobe of the right lung below the apical 
branch 

Diagnosis — The clinical diagnoses were bronchiogemc carcinoma of the right lung , 
chronic pulmonary osteoarthropathy, endoermopathy 

Course — The patient died after five months in the hospital 
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Neaopsy — The body was that of a well developed and moderately emaciated man The 
features were coarse, and the mandibulum was piognatliic The hands were spadehke, with 
sausage-like, clubbed fingers The left tibia was slightly cur\ed anteriorly and \\as thicker 
than the right Both were extremely swollen and shapeless, showing, however, an insignificant 
degree of edema The feet were large and flat, and the toes w'eie clubbed The pleural 
cavities showed no fluid The pleura of the left lung w'as smooth, and the lung showed no 
gross changes The right lung w'as adherent to the wall of the cliest and the diaphiagm The 
lower lobe of the lung was voluminous and firm A tumor measuring 8 cm in diameter and 
extending from the Iiilus was found m the midportion of the lobe Apparently it arose in 



Fig 6 (case 4) — A, carcinoma of the lower lobe of the right lung B, roentgen appearance 
of the left hand, showing lamellary periostitis C, photograph of the right hand, with clubbed 
fingers 

the mucosa of a small bronchus and spread in a fanlike shape towaid the periphery It w'as 
soft, lobulated, hemorrhagic and partly necrotic The large vessels and bronchi w'ere patent 
The heart w'as of moderate size and the aorta of normal elasticity, wuth a few plaques of 
atherosclerosis The coronary arteries were patent The liver was normal, but the spleen 
was slightly enlarged and firmer than usual Other abdominal viscera showed no deviation 
from normal, except for the adrenals, which showed several cortical adenomas The thyroid 
showed no abnormalities, but the anterior lobe of the pituitary w'as rather prominent The 
genitalia were normal on gross examination 
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Micioscopically the tumor was made up of large polygonal cells with a sharply delimited 
clear cytoplasm and an eccentric nucleus rich in chromatin The cells were gathered in large 
nests separated by fine fibrous partitions containing small clefts filled uith red cells (fig S) 
Mitotic figures weie common Necroses and hemorrhages were common throughout the new 
growth Areas of typical squamous carcinoma alternated with another type, described bj 
some European pathologists as paramalpighian In the metastases the new growth was 
diffusely of the paramalpighian variety Other viscera, except for the spleen, w'hich showed 
amyloid, were within normal limits The pituitary showed hypertrophy and hyperplasia of the 
eosinophilic cells of the anterior lobe 

Comment — Continental physicians disputed Marie’s contention that the bones as well as 
the joints are involved in the process They were opposed to the term osteoarfh} apathy 
Although pathologic changes were not found in the joints of this patient, clinically they all 
showed swelling, exudate and exquisite soreness 

The osteoarthi opathy in this case, as in other cases of this series, manifested itself clinically 
before the pulmonary disease became evident Its progress was rapid and stormy It W'as 
attributed to an endocrine disturbance the nature of which was not understood 

The pulmonary circulation showed no deviation from the normal The adrenals showed 
several adenomas, the thyroid was above the average weight, the pituitary, too, was enlarged 
and under the microscope showed hyperplasia of the oxyphilic cells 

COMMENT 

The pathogenesis of diffuse osteoarthropathy occuinng in chionic pulmonary 
diseases is as obscui e today as it ivas when Mane first described it The conception 
of Pigeauxff postulated in 1832 for clubbed fingers, is thought to hold equally true 
for the disease as seen in the patients herein presented Pigeaux stated “Three 
years of investigation have shown that the formation of cuived nails is influenced 
by embarrassment in respiration and circulation, generally it occurs m all con- 
ditions affecting ‘hematosis ’ ” Mane in his original paper attributed the symptom 
complex to the selective absorption of toxins from the affected lung Crump,® 
from Erdheim’s laboratory, stated “There is an abnormal substance circulating 
in the blood which affects the periost, the bones, the joints and the soft parts 
of the terminal phalanges, as evidenced by clubbing of the fingeis ” It may be 
seen that the soft paits are affected not only in the phalanges but m the limbs 
throughout their entire length 

Before presenting the discussion on the pioblem of the natuie of this phe- 
nomenon it is desirable to review briefly its pathologic anatomy 

Observations indicate that not all bones are affected with equal intensity 
The tibia and humerus are more intensely involved than other bones, and in 
the same bone the lesion is more seveiely developed in the diaphysis than in the 
epiphysis As in all diseases of the skeletal system, the process involves both the 
bone and the periosteum In the former, new bone formation (hyperostosis) is seen 
heie and there The picture, howevei, is dominated by osteoporosis, theie is 
thinning out of the corticahs and the compacta In the peiiost it manifests 
itself as a periostitis (osteophytosis) 

The pel lost is normally composed of dense fibrous tissue Whenever foimation 
of new bone is called for and whenevei theie is destruction of bone a new layer, 
the cambium, is formed on the innei suiface of the preexisting periost The 
cambium diffeis from the old peiiosteal layer in its poorer content of reticulum 
fibeis, of cellulai elements and of blood vessels The cambium, and not the original 
periost, serves as matrix for newly formed bone The intimate mechanism of 
the ti ansformation of the cambium into bone is not understood It may be ushered 


8 Crump, C Virchow^s Arch f path Anat 271 ‘467, 1929 
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m by local oi by geneial conditions, by action of miciobes (syphilis, osteoin}elitis) 
01 by a geneial distuibance, as in the cases heiein presented It may be localized, 
01 it may be diftuse 

By studying different paits of the bone one finds dififerent stages of the piocess. 
which has enabled investigators to leconstruct the life histoiy of the disease Thus 
it was established that the new penost is foimed layer by layer, the new layei 
being superimposed on the one already existing, which gives to the newl} foimed 
structure a lamellary appearance visualized wuth the roentgen rays Usually 
the new peiiost envelops the bone as the bark envelops a tree, its surface having 
a porous or warthke appearance (figs 1, 3, 4, 5 and 6) It is significant that 
osteoporosis is also present m bones and m areas of bones wdiere no new' per- 
iosteum was foimed It is, then, even possible that the disease originates primanl} 
not in the periosteum, as is almost universally behe\ ed, but in the bones How ever 
that may be, the process is that of a hypei plastic porotic osteoperiostitis As a 
lesult, the bones aie consideiably thickened and disfigured, the}’- are not elongated 
Not only the bones but the soft tissues as w’ell are invoked Theie occurs 
a considerable thickening of the skin and subcutaneous tissue of the hands and 
feet, which pioduces the characteristic appearance of the extremities in chronic 
pulmonary osteoarthropathy There is, then, a megalia cutis ct ossium The skin 
IS soft and doughy but shows no pitting edema 

Hitherto pathologic changes of the nature described w’ere said to be piesent 
uniquely m osteoaithropathies, occuiring m tumors (piimary oi metastatic) and 
in certain chronic purulent conditions of the lungs 

In the comment to case 2 attention w'as drawm to a new entity isolated by 
French clinicians (Touraine and Gole) under the name of pachydci mtc phcatincc 
avec pachypeuostose dcs e\t)cnntcs Patients affected wuth this malad} show 
chai acteristic clubbing of the fingers and toes, squaring of the extremities, thick- 
ening of the skin and deformities of the long bones wnth lamellar}^ deposits of 
penost Diffeiing m some details from pulmonary osteoarthropathy, the con- 
dition IS, on the whole, an exact counterpart of that m the cases herein presented 
The pathologic and i oentgenologic similarities of the skeletal and cutaneous systems 
m the two diseases aie identical to the finest details In a case recently reported b} 
Brugsch the similarities w'cie striking It is particularly significant that the 
malady does not develop on the basis of a cardiorespiratoiy or other visceial dis- 
ease The consensus is that the disease in these patients is of endocrine oi igin 
Prior to the isolation of this symptom complex by Touraine and co-woikeis 
cases of this condition w'ere repoited under the designation of pseudoacromegaly oi 
acromegahsm, because of their close resemblance to acromegaly, the endocrine 
01 igin of which is today firmly established 

It IS well to stress that m aciomegaly, as in pulmonary osteoarthropath} the 
bones are not elongated, their increase m size being due to the increase of both 
the periosteal and the subcutaneous tissues Mici oscopically, too, the stiuctuial 
changes in the tw’-o diseases are closely i elated The tufting of the teiniinal 
phalanges of fingers and toes, legarded by Cushing and others as an osteologic 
sign pathognomonic of acromegaly, is hkewuse present m the disease desciibed 
by Touraine as w^ell as in pulmonary osteoarthropathy Tufting of the teiminal 
phalanges of fingers and toes w’as pionounced m all 4 of my patients Generally 
the process in the three diseases affects the same system, the mesodeim The 
pathologic changes may vaiy in degree, and then advance may diffei in tempo, 
but qualitatively they are essentially of the same natuie 
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The difficulties in the differential diagnosis between pulmonary osteoarthropath} , 
pachydermia with pachypenostosis and acromegaly is demonstrated in the case of 
the Hagnei brothers In 1868 their disease was defined by Fnediich® as h}pei- 
ostosis of the entire skeleton In 1888 Erb identified then disease as acromegaly 
Mane, too, at first intei preted the condition as acromegaly but subsequently 
changed his interpretation to pulmonary osteoarthropath} In 1899 Steinberg’" 
stated that the disease of the Hagners was distinct both from acromegaly and 
from osteoaithropathy At present it is included m the gioup of pachydeimia with 
pachypenostosis 

The foregoing facts and the data obtained from the study of the cases heie 
leported favoi the conception that diffuse osteoaithropathy found in neoplastic 
diseases of the lungs is in all probability caused not by toxins {miasmata miagimi la, 
to use Osier’s expression) or by circulatory disturbances, as postulated more than 
a century ago, but by an endocrine imbalance akin to aciomegaly and to pachy- 
dermia with pachypenostosis 

Regrettably, cases of chronic pulmonaiy osteoaithropathy hitherto repoited 
in the literature (numbering about 100) have never been studied from this angle 
Attention was generally drawn to the bones and the lungs, while metabolic and 
endocrine possibilities were totally ignored Clinicians never went beyond Pigeaux’s 
and Mane’s hypotheses Apropos of a case of this kind which I obseived in 1928 I 
wi ote “ His appearance was most impressive, resembling somewhat, that 

of an aciomegalic His features were rather large and dispi oportionate and the 
joints looked as if there was a subluxation The lower jaw was prominent ” 

An analysis of the 4 cases here reported (deficient though their study may 
be from an endocrmologic point of view) revealed data pointing toward the con- 
ception that the megalia cutis et ossium resulted in all probability from a disturbance 
in the function of the organs of internal secretion Summarily the data are m 
case 1 acromegalic appearance of the patient, tufting of the terminal phalanges of 
the fingers and toes , splanchnomegaly, atrophy of the testicles and a large adeno- 
hypophysis showing pronounced hyperplasia of eosinophilic elements, in case 2 
acromegalic appearance of the patient, “bulldog” scalp, hirsutism, macroglossia, 
tufting of the terminal phalanges of the fingers and toes and thickening of cranial 
vault, in case 3 mongoloid features of the patient, secondary male characteristics 
laige cortical adenoma of the adrenals, several adenomas of the thyroid and hypei- 
plasia of cells of the anterior lobe of the pituitary, with eosinophilic cells in the 
majority, in case 4 coarse acromegalic features, gynecomastia, several cortical 
adenomas of the adrenals, roentgenologic evidence of enlargement of the sella 
till cica and tufting of the terminal phalanges of the fingers and toes 

That the lungs are endowed with functions in addition to lespiration has been 
stiessed on many occasions Various writers have attributed to the lungs a role 
in the metabolism of lipids This was suggested by the fact that absorbed 
albumins and carbohydrates pass diiectly into the liver while fatty substances 
aie transported by way of the lymphatics and the thoracic duct to the right 
side of the heart and to the lungs Fort,’= in 1867, suggested that the lungs are 

9 Friedrich, N Virchows Arch f path A.nat 43 63, 1868 

10 Sternberg, M Acromegaly, London, New Sydenham Socictj, 1899 

11 Fried, B M Primary Carcinoma of the Lungs, Baltimore, Williams &. \\ ilkins Com- 
pany, 1932, p 117 

12 Fort, A T A Anatomic ct physiologic dii poumon considere commc organ de 
secretion. Pans, A Delahaye, 1867 
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characteristically secretoiy oigans, and he used the teim la glande puhnonavc — the 
pulmonary gland In lecent years Rogei and his associates, Aschoft^‘ and 
othei s haA^e subscribed to this conception 

Appaientl}' the functions of the lungs aie multiple, and their inteii elation with 
other organs, particulaily of internal secretion, is complex and woithy of fuithei 
study 

As to the interdependence of tumors of the lungs and the oigans ot inteinal 
secretion no information is available, to my knowledge 

SUMMARY 

Four cases of chronic pulmonaiy osteoarthropathy in patients with bronchiogenic 
cancer are leported EAidence is pioduced to show that the condition is in all 
likelihood caused b} an endocrine imbalance (d}spituitansm) 

125 West ScA entj -Sixth Street 

13 Roger, G H , and Binet, L Rev de mod 42 1, 1925 

14 Aschoff, L Ztschr f d ges exper Aled 50 52, 1926 

15 Fried, B M Defensive and Metabolic Apparatus of Lungs, A,rch Patli G lOOS (Dec) 
1928, Lungs and ^Macrophage Svstcni, ibid 17 76 (Jan) 1934 
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Pi 101 to the work of VVoehlei, who synthesized uiea moie than a century ago, 
Mtal processes and pioducts were considered insepaiable from the living body, and 
the doctrine of vitalism proclaimed them forever beyond the poor power of mankind 
to understand or lepioduce The tiny crack pioduced by Woehler in the stiuctuie 
was enlarged by many others, and Autahsm is long since defunct Among the rums, 
however, theie lemains hidden certain knowledge which still awaits excavation 
It IS with such a fiagment, namely the enigma of immunity, that this repoit is 
concei lied 

THEORY 

It has long been lecognized that antibodies are cairied in close association vith 
the globulin fi action of the blood plasma While ceitain workers, notably Huntoon ^ 
and Olitzki and Fiankel," attempted to separate them from all piotein substances, 
otheis consideied that this is impossible and accepted the belief that the)’- are them- 
selves globulins of a specialized foim In the past decade this viewpoint has been 
adopted by a gieat majoiity of investigators Felton ® was among the first to voice 
this conviction, and many others have followed his lead 

In the past pioteins have been separated by precipitation with inci easing con- 
centrations of a salt and classified on this basis The antitoxic seiuins, such as that 
used in diphtheria, have been found associated with the pseudoglobuhn, a fraction 
\Ahich IS earned down by a 50 per cent satuiated solution of ammonium sulfate and 
IS capable of le-solution in puie water Antipneumococcus and siinilai antibacteiial 
seiums have been extracted from the euglobulin, which is precipitated at 28 to 33 
pel cent saturation and lequiies water plus the salt foi le-solution 

The more lecent classification of blood proteins by electrophoresis as mtio- 
duced by Tisehus has stimulated further advances This method lists proteins 
accoidmg to their late of migiation through a U tube while under the influence 
of an electiic cuirent and offers no exact comparison to the results obtained by 
pi ecipitation with ammonium sulfate Thus Svensson ^ could demonstrate no 
electrochemical difference between pseudoglobuhn and euglobulin Albumin moves 
most lapidly and also has the smallest moleculai weight and the greatest osmotic 

pressure It is followed by the pi ogressi vely slower alpha, beta and gamma 

globulins with decreasing osmotic piessures and inci easing molecular weights 

1 Huntoon, F M Pneumococcus Antibody Solution, J Lab &. Clin Med 11 759-762 
(May) 1926 

2 Olitzki, L , and Frankel, M Absorption and Elution of Antibodies from Various 

Antisera, Proc Soc Exper Biol & Med 28 492-494 (Feb ) 1931 Frankel, M Method 

of Separating Antibodies from Serum Proteins Investigation on Protein-Free Antibodj, 
Proc Roy Soc, London, sB 111 165-174 (July 1) 1932 

3 Felton, L D Pneumococcus Antibodies — What Are They? Science 79 277-279 
(Maich 23) 1934 

4 Svensson, H Fractionation of Serum i\ith Ammonium Sulfate and Water DiaUsis 
Studied b}’ Electrophoresis, J Biol Chem 139 805-815 (June) 1941 
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Kabat ® obseived that in the hoise, cow and pig antibody molecules aie extieinelj 
heavy, having moleculai weights of about 990,000 In the human subject, the 
monkey and the labbit, antibody molecules were of regular gamma globulin 
u eight In certain horses after long immunization he observed smallei antibodies 
of lessei weight which appeared among the heaviei molecules Kekwick® 
discovered that both beta and gamma glohuhns contained antitoxic molecules 
•\ntitetanic seiuni held about 50 pei cent in the gamma fi action, Anti-Clostudium- 
welchii seium 25 per cent and antidiphthei itic seium about 10 pei cent In anti- 
pneumococcLis seium a new T fraction mo\mg between beta and gamma globulins 
has been desciibed as the location of the antibodies Van dei Scheer, Wjckoft 
and Claike ■ found this tiue m some instances, wdnle m other animals the gamma 
fi action contained the inci eased piotective substances Van dei Scheer, Lagsdm 
and Wyckoft ® in a latei communication repoi ted that antibody activit} occurred 
only 111 the gamma globulin, with one exception In this instance blood fiom a 
newdy immunized hoise contained antibodies m fi action T' intermediate between 
T globulin and gamma globulin Thev suggest that wuth prolonged immunization 
this fraction might not persist 

Pappenheimei , Lundgien and Williams® found the molecular weight of diph- 
theria toxin to be 70,000 and of the antitoxin 150,000 

Mariack^® summarized the w'Oik of numeious w^oikeis to leport othei obser- 
vations on the dimensions, shape and actions of antibodies Some of these obser- 
vations are unverified, and a few' aie contiadictoi} 

Rosenau stated of antibodies that “They are not necessarih ‘bodies’ but mav be 
colloidal or physical states of the blood or othei body fluids ” 

Little of a positive nature is known icgardmg the site and mode of origin of 
antibodies Certain theoiists hold that they develop m the fixed cells of the bodv 
and are then poured out into the blood and hmph The lymph glands, the spleen 
and the leticuloendothehal system have been vaiiously named as the place wheie 
pioduction occurs, but convincing evidence is lacking m almost eveiy instance 
Sabin stated the modern concept from this v'lew point It is to be noted that 
cei tain of her conclusions are mfei red rather than taken as prov ed facts Cannon 
also assumed that antibodies arise m the fixed cells of the reticuloendothelial svs- 
tem Othei s have maintained the so-called humoral theory, i e that antibodies 
are formed m the hlood and that the ciiculatoiv svstem is the reservoir Ehrlich’s 

5 Rabat, E A The Molecular Weight of Antibodies, J Exper Aled 69 103-118 (Jan 1 

1939 

6 Kekwick, R A Constitution of Some Antitoxic Horse Sera, Chem &. Indust 60 486 
(June 28) 1941 

7 van der Scheer, J , Wvekoff, R W G, and Clarke, F H Electrophoi etic Anahsis 
of Several Hyperimmune Horse Sera, J Immunol 39 65-71 (Juh ) 1940 

8 van der Scheer, J , Lagsdm, J B , and AVickoff, R W G Electrophoretic and Ultra- 
centrifugal Analysis of Antipneumococcal Horse Sera, J Immunol 41 209-223 (June) 1941 

9 Pappenheimer, A M , Lundgren, H P , and Williams, J W Studies on the Molecular 
Weight of Diphtheria Toxin, Antitoxin and Their Reaction Products, J Exper Med 71 
247-262 (Feb) 1940 

10 Marrack, J R Immunochemistrj, in Luck, J M Annual Review of Biocheinistrv, 
Stanford University, Calif, Stanford University Press, 1942, vol 11, pp 629-654 

11 Rosenau, M J Preventive Medicine and Hjgiene, ed 6, New York, D Appleton- 
Century Company, Inc , 1935, p 643 

12 Sabin, F R Cellular Reactions to a Dj'e-Protem with a Concept of the klechanisni 
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theoiy sought to explain the piocess as an inti acellular development but has been 
piactically discarded as inadequate to explain the known facts Alany teims intio- 
duced by Ehrlich, howevei, are still m use It may well be that antibodies of 
different classifications arise fiom different souices 

Conceining specificity, there is no doubt whatever that many immune serums 
neutralize one specific antigen and no others Diphtheria antitoxin, fiist prepaied 
by von Belli iiig, is the piotot}'pe Antipneumococcus seium is to be listed heie 
and is specific foi the polysaccharide hapten groups found in the pneumococcus 
Heidelberger has discussed these quite fully Antimemngococcus and other sei urns 
may also be listed It is to be noted that specific antibodies of these types aie 
frequently absent in human beings and animals who have not been exposed to the 
coi responding infection 

To pioduce active immunity oi theiapeutic seium it is usually necessai) to 
stimulate the biologic production by lepeated injections of antigen over a period 
of V eeks and often months Even the results from single doses of alum- 
precipitated toxoid, the newest and most appioved foim of immunization to diph- 
theria, lequiie six weeks oi more to mature The mechanisms lesponsible seem 
to be definitely specific and require a lengthy period in which to act When unde- 
veloped they are powerless in the face of sudden overwhelming attack 

Theie is, howevei, a diffeient series of protective reactions which comes into 
activity ^^henever any infection gams a foothold and in certain noninfectious con- 
ditions This IS the familial sequence of fever and increase of the white cells of 
the blood, which can and does become operative within a few hours after the onset 
of infection It occtiis in a wide variety of diseases of bacterial oiigm, in diph- 
theria, pneumonia and epidemic meningitis, all of which have been listed as 
amenable to tieatment by specific antiseiums, and in addition, in influenza, the 
acute exanthems and vaiious stieptococcic and staphylococcic infections, as ^^ell 
as in the gieat epidemic diseases Asiatic choleia and plague Typhoid, typhus 
and jellow feveis show the theimal change but present irregulaiities m the action 
of the white blood cells 

Bacterial infection is also followed by ceitam chemical changes which have 
not been thoioughly undei stood Fust, theie is an inci eased metabolism of pio- 
tem, which, if the end pioducts are not piopeily eliminated, may produce a sti ik- 
ing use in the nonpiotem nitrogen bodies of the blood This has been noted 
b\ Tileston and Comfoit,^^ Wakeman and Moirell,^® Guyer and Lepkovsky’^ 
Linton^® and otheis Second, theie occuis a shift in the ratio of the blood pio- 
teins to one anothei The fibiinogen and globulin increase, and the albumin 
diminishes, with a lesultant decrease in the total protein, which pioduces definite 
alteiations in the albumin-globulin and globuhn-fibri nogen ratios Ihis has been 

14 Heidelberger, M Immunochemistry, in Luck, J M Annual Review of Biochemisti \ , 
Stanford Universit}^ Calif , Stanford University Press, 1935, vol 4, pp 569-586 

15 Tileston, W, and Comfort, C W, Jr The Total Non-Protein Nitrogen and the 
Urea of the Blood in Health and Disease as Estimated bj Folin’s klethod, Aich Int Hcd 
14 620-649 (Nov ) 1914 

16 Wakeman, A M , and A'lorrell, C A Chemistn and Afetabolism m Experimental 
Yellow Feier m Macacus Rhesus Monkeys Concentration of Nonprotein Nitrogenous 
Constituents in Experimental Yellow Fe\er in Macacus Rhesus Monkeis, Arch Int Med 
46 290-305 (Aug) 1930 

17 Gu\er, M F, and Lepkoiski, S Immunization and the Nitrogenous Constituents of 
the Blood," J Immunol 16 175-208 "(^larch) 1929 

18 Linton R W Blood Chemical Changes in Experimental Streptococcus Septicaemia 
J Exper Aled 54 223-231 (Aug ) 1931 
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commented on by Hurwilz and Meyci,^® Huiwitz and Whipple,-” Wiener and 
Wiener,-^ Lovett,-- Rowe,-” Schoch,”^ Starlingei and others 

These phenomena of fe\er, leukocytosis, changes m the nonprotem nitrogen 
content of the blood and piotem alteiation are purely nonspecific and appeal m 
many infections After a few houis or days soluble immune bodies appear in the 
blood, and if they aie sufficient!}' potent, lecoveiy vith eradication of the infec- 
tion may be anticipated The ciisis of pneumonia, the l}sis of typhoid and other 
phenomena of lecovery aie due, at least in pait, to those antibodies, ^\hose piesencc 
may be pio^ed by appropriate seiologic and biologic methods but of -whose nature 
and point of origin nothing is known They are considered to be an important 
factoi m natne oi natural immunit} 

It IS now necessaiy to make a seeming digiession to certain purely experi- 
mental data Balcai, Sansum and Woodyalt ”” found that by the mtra\enous 
injection of a concentiated solution of dextrose or sodium chloride into experi- 
mental animals, a diuresis could be caused which m a few' hours eliminated fluid 
gieatl) 111 excess of that injected When the output of fluid exceeded the intake 
by 25 cc 01 moie per kilogiam of bod\ weight thcie occuiicd a substantial rise 
in the body temperatuie, often accompanied b} a chill On the basis of these 
facts the} pioposcd a so-called deh}diation theoiy of fe\cr accoiding to which 
the watei content of the bodi was considered to exist m two difteient states of 
colloidal combination fiist. “tiee” or uncombmed, m which condition it was available 
to absorb and tiansport heat to the skin for radiation, to act as a solvent and to 
pel form othei functions and, second, “bound’’ as a Indrate in ^allous organs and 
tissues ot the body, a pin sicochemical state which pre\ented its usefulness as a 
solvent and a vehicle foi heat tianspoitation The\ concened of infection as a 
piocess which greatly inci cased the hydialion capacit} of the bod} colloids and 
enabled them to combine with a majoi portion of the “free” water The resulting 
shortage, wdiicli ple^entcd absoiption and transportation of heat cnerg)'-, they held 
lesponsible foi the appeal ance of fc\ei That there aic increased demands foi 
w^ater dm mg severe febtile illness is shown clinically by the insatiable thirst of 
the patient and the inci cased \olume of fluid eliminated through the sweat and 
mine when icco-\ery has come and it is no longer needed Expei imentalh many 
obseivcis have found concentration of the blood and othci body fluids during 
fevei 

19 Hurwitz, S H , and kle\ er, K F The Scrum-Globulins m Infection and Immunitj , 

J Exper Med 24 515-546 (No\ ) 1916 

20 Hurwitz, S H, and AV hippie, G The Albumin-Globulin Ratio in Experimental 
Intoxications and Infection, J Exper Med 25 231-253 (Feb ) 1917 

21 Wienei, H J, and Wiener, R E Plasma Proteins, Arch Int Med 46 236-265 
(Aug ) 1930 

22 Lovett, B R Quantitative Relation of Scrum Albumin and Globulin, Arcli Path 
4 984-1024 (Dec ) 1927 

23 Rowe, A H Albumin and Globulin Content of Human Blood Serum, Arch Int Med 
18 455-473 (Oct ) 1916 

24 Schoch, A Ueber Eiweiss-schwankungen im Blutseruni bei akuten Infektionskrank- 
heiten, Schweiz med Wchnschr 56 1017-1022 (Oct 23) 1926 

25 Starlinger, W Ueber das Verhalten dcr zirkulierenden Eiweisskorper des meiischlichen 
Plasmas unter normalen und krankhaften Bedingungcn, Deutsche med Wchnschr 54 731-733 
(May 4) 1928 

26 Balcar, J O , Sansum, W D, and AVoodj'att, R T Fever and the Water Reser\e 
of the Body, Arch Int Med 24 116-128 (July) 1919 
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My associates and I,"' having occasion to repeat certain of these experiments 
found that dehydration caused an increase of protein catabolism and an abnoi- 
inally laige accumulation of nitrogenous debris in the blood of the laboiatoi} 
animals It was then necessary to add to the dehydration theoiy that shoitage of 
water causes a retention of the waste nitrogen, with the development of blood 
concenti ations which sometimes rise to uiemic heights Such heat as is pioduced 
at this time is subject to the influences discussed by Balcar, Sansum and Woodjatt 

It was latei shown that in animals subjected to dehydiation there occuned 
a rise ot the leukocytes similar to that obseived in infection 

The point toward which this discussion of somewhat paiallel clinical and 
experimental observations has been diiected, and the reason foi the prepaiation 
of* this paper has now been i cached It may be stated thus Infection geneiates 
a biologic leaction which includes (1) fevei, (2) leukocj-tes, (3) changes m the 
late of piotein disintegiation and the levels of waste nitiogen accumulation m 
the blood, (4) alteiation in plasma piotem latios, and (5) the foimation of soluble 
immune bodies Is it possible, then, that dehydration, which may bring about the 
first thiee conditions, is also lesponsible foi the fourth and could be used as a 
method for pioduction of the fifths In othei woids, is it possible to use this 
method to change the pieparation of immune serums from a biologic to a physio- 
chemical pioblem and so to lemove it fiom the animal body into the test tube’ 

I have called attention to eftects often obtained by the tieatment of seveie 
• infections with blood transfusion wherein fiesh compatible blood seemed to 
call) ceitain law materials into the patient’s blood stream These law materials 
appealed, after due mtravital piocessing, to emeige as antibodies which excited 
a favoiable influence on the couise of the disease Pi oof that such a change 
actually takes place would lend stiength to the claims advanced by the ad\ocates 
of the humoial theoiy of immunity If the tiansfoimation could be lepioduced 
undei piopei control in the chemical laboratoiy, such an inti eduction of new 
methods into the study of immune phenomena might conceivably lesult in definite 
advances in theiapy 

Recent developments suggest that pioduction of antibodies undei laboratory 
conditions is aheady within oui giasp In the early days of the centuiy Moll 
attempted to convert albumin into globulin by tieatment with gentle heat and 
alkalis and found ceitain globulin-hke pioperties m the pioduct His ciitics, 
howeiei, pointed out that the amino acid composition was not coirect, and the 
proceduie soon ceased to ha\e inteiest Today it would be said that he had 
produced a denaturation of the piotem 

Recently Pauling and Campbell published an epoch-making i eport They 
studied the results of denaturation of protein in the presence of an antigen and 
found that it opens the way to the piepaiation, m vitio, of specific antiseiums 
Using purified globulin, they observed that tieatment with alkalis in varying 
concenti ations up to pa 11 0 caused the protein molecules to “uncoil” and take 

27 Bacon, D K , Anslow, R E, and Eppler, H H Intestinal Obstruction, Arch Surg 
3 641-654 (Nov ) 1921 

28 Bacon, D K , Novy, F O , and Eppler, H H Factors in Leukocytosis, Arch Int 
Med 30 229-239 (Aug) 1922 

29 Bacon, D K Blood Transfusion in the Treatment of Sepsis, kfinnesota !Mcd 18 
30-34 (Jan ) 1935 

30 Moll, L Ueber kunstliche Umwandlung ^on Albumin in Globulin, Beitr z chem 
Phys u Path 4 563-577, 1903 

31 Pauling, L, and Campbell, D H The Manufacture of Antibodies in Vitro, J E\per 
Med 76 211-220 (Aug ) 1942 
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the impiint of vaiious dyestuff antigens Aftei lenaturation by restoiation of 
a normal pu value theie remains a configuration of the globulin molecule which 
enables it to combine with the antigen and act to neutralize it Similaily, using 
heat denaturation, at a temperature of 57 C , they have prepared antibodies specific 
to pneumococcus polysacchaiide which will aftei lenatuiation precipitate further 
inciements of the polysacchaiide Thus the flexibility of the globulin molecule is 
advanced as a piime factoi m combating various bacterial poisons, and denatur- 
ation, at least of some t}pes, is shown not as a laborator}’’ curiosity but as a 
dynamic force which is of vital impoitance m the maintenance of health and life 
Pauling and Campbell have earned out denatuiation under artificial conditions 
wdiich aie seemingly incompatible wuth life, such as a. pn oi 11 0 or a temperature 
of 57 C I have sought to use procedures wdiich can more easily be r isualized* as 
acting in the living body on wdiole blood plasma where natural iinmunit} is found 
lathei than m a dilute solution of purified globulin 

If the pieviousl}'^ mentioned dehydration thcor} iias any merit, blood protein 
must be thought of as consisting of a bound water fraction closely united to the 
protein molecule and pci haps within the moleculai framework, the w'ater of h}dia- 
tion, and a fiee oi sohent fraction wdiich carries the body electrolytes, such as 
chloiides, sulfates and bicaibonates If any piocess should cause a decrease in the 
free w'ater while the mincial content lemaincd constant, one might expect a rise 
in the concentiation ot salts and also, since a pn of 7 00 is regarded as neutral and 
the average pn of blood plasma is about 7 4, it seems probable that the excess 
alkalinity of pn 0 4 w'ould become concentrated in the diminishing solvent fluid and 
give use to an inciease of hydioxyl ion concentration and an abnormalh high pn 
value 111 this fraction 

EXPLRIMUNTAL DATA 

Expel imeiital w'oik was undertaken to test this theory Citrated beef blood 
w'as obtained through Swift and Company at South St Paul It contained sulf- 
anilamide as a presen atne It was separated b} centrifugation, and the clear 
plasma w^as obtained The pn values w'cic immediately determined by electrometric 
leadings Since no piecaulions w'ere taken to pi event the escape of carbon dioxide 
values ranged fiom pn 7 45 to pn 7 58, which is a trifle more alkaline than the 
average reading on blood collected under oil to letain the gas 

The plasma was then subjected to dehydration by the method of Flosdoit and 
Mudd The appaiatus consists, in essence, of a closed flask containing plasma 
a cold chamber sui rounded by solid carbon dioxide to collect the fluid which is 
wathdrawm and a vacuum pump to exhaust the system and extract water from the 
plasma The entire system is connected b} pressure-resistant tubing It is a 
method commonly used to dry and preserre plasma foi latei use in tiansfusion 
While Flosdorf and Mudd have devised latei methods with different agents foi 
absorption of the exti acted W'atei wdiich are used foi mass production of diied 
plasma, the original method proied satisfacton foi the puipose of this stud} 
Methods which lequiie the spraying of plasma into a heated vacuum chambei 
w^eie consideied unsuitable and w'ere not employed 

When the pump is fiist staited, the an is lapidly exhausted fioin the plasma 
flask, and a violent boiling of the contents lesults At this point it is necessai} 
to admit small amounts of an to prevent entrance of the foam into the tubing 
Aftei a few minutes, wdien the dissolved gases, such as caibon dioxide and oxygen 

32 Flosdorf, E W , and Aludd, S Procedure and Apparatus for Preservation in 
“Lyophile” Form of Serum and Other Biological Substances, J Immunol 29 389-425 (Noa ) 
1935 
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have been exti acted and the heavier water vapoi begins to pass o\ei, the piocess 

becomes much moie quiet and may be left to piogiess to completion with little 
tuithei attention 

This piocess was earned out on a number of samples of plasma to note the 
eftect of dehydration Estimations of the were made befoie starting and were 
lepeated at the end of the violent boiling peiiod, which consumes about ten minutes, 
in ordei to note the effect of the withdiawal of caibon dioxide A third estimation 
was made aftei about fouiteen hours, when the fluid was almost dry but still mush} 
enough to make a good contact with the glass electrode The last values, of course, 
would be slightly less than the value for diy plasma, which cannot be easily 
taken The leadings are given in the accompanying table 

Reference to this table will show that dehydration causes a considerable use 
in the alkalinity of plasma True, this has not been obseived in the blood of living 
animals, but if electrodes could be fashioned to take readings m the ultramicroscopic 
fiee watei fi actions of plasma and not be influenced by the neighboring bound watei 
molecules, increased alkalinity might be found It would be a condition of great 


Results of Dehydi afton on pn of Blood Plasma 



1 

2 

3 


Pn Before 

Pn After 

Pn at Near 

Specimen 

Treatment 

10 Minutes 

Dryness 

1 

7 52 

7G4 

8 54 

2 

7 55 

758 

8 70 

3 

7 45 

7 60 

8 45 

4 

758 

7 72 

910 

5 

7 50 

768 

8 32 

6 

7 48 

7 62 

863 

7 

7 60 

7 65 

8 60 

8 

7 55 

7 74 

8 42 

9 

7 54 

7 70 

8 54 

10 

7 48 

7 63 

7 05 


It IS to be noted that all values m column 3 were taken on incomplete dehjdrated plasma nhlch was 
still mushy enough to make a good contact with the glass electrode The pn of completclj dried plasma 
would probably be 0 2 to 0 6 greater 


internal chemical sti esses with sharply contrasting concentiations in physicall} 
adjacent particles This will be commented on later 

Further specimens of plasma w^ere dehydrated as has been desciibed and during 
the process weie treated with an antigen In these experiments the flask containing 
the specimen was placed in the incubatoi with the tube connection to the vapor trap 
entering through the uppei vent hole This attempt to maintain body temperature 
was unsuccessful because of the rapid withdiawal of heat in the vaporization 
process, and the flask lemained decidedly cold during the entire period Con- 
sequently, after the contents were about 90 per cent dehydi ated and resembled a 
thick, mushy syrup, the suction was lemoved and the air piessure in the flask 
was pei nutted to letuin to normal It w^as then kept in the incubator for an 
additional twelve houis to peimit completion of any chemical adjustment 


METHOD 

One hundred cubic centimeteis of clear citrated and centrifuged beef plasma was placed 
in a 1,000 cc Erlenmeyer flask This was fitted with a rubber stop^r and connected hy 
rigid rubber tubing to a vapor trap containing solid caibon dioxide and thence to a vacuum 
pump The pump was started and allowed to run for ten to fifteen minijtes with occasional 
small admissions of air until active foaming of the pasma had subsided The flask was then 
opened and 2 cc of staphylococcus toxin added The container was then shaken to insure 
thorough mixing The toxin, obtained from the Lederle Laboratories, Inc, their no 307Ho6a 
was stated to contain 12,000 dermonecrotic doses per cubic centimeter The cork was replaced 
and the pump again started and continued for twelve to fourteen hours until near drvncss 
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was reached During this time the flask was agitated at intervals to assist unifoini evapora- 
tion and prev'ent caking around the edges The pump was then disconnected, and the 
atmospheric pressure in the flask was permitted to return to normal It remained in the 
incubator another twelve hours 

After this sufficient distilled watei was added to restore the plasma to its original volume, 
and both the control and the processed specimens were adjusted to pn 7 4 v ith tenth-normal 
acetic acid This is important, as the processed specimen is apt to be dcfinitelv alkaline in 
spite of the fact that no alkali has been added It was filtered and 5 cc pipetted into each 
of two test tubes, 5 cc of unprocessed plasma from the same blood was placed in a third 
tube for a contiol, 0 5 cc of staphylococcus toxin each was added to one processed tube and 
the control tube, diphtheria toxin obtained from the Minnesota State Boaid of Health was 
placed in the second processed tube as another control, 0 5 cc being used The three tubes 
were set m the incubator for twelve hours to facilitate inv change that might occui A series 
of such experiments was made 

A second series was carried out m which phsma was delivdratcd with diphtheria toxin 
as an antigen and test tubes were set up containing diplilhcria toxin in the unprocessed control 
and one tube of piocessed plasma Staphylococcus toxin in the second processed tube gave 
another control 

RLSULfS 

In the senes which had been deln dialed agdinst staplnlococcus toxin, tube 1, 
containing additional toxin fioin the same lot, in tveiy instance gave a copious 
precipitate which aftei settling filled about 12 to 15 per cent of the test tube Tins 
was piesumably antigen antibody precipitate In the two control tubes the results 
w^eie stiikmgly difieicnt In m.inv instances no piecipitate at all came down while 
in seveial theie was an amount just sufficient to cover the bottom of the tube after 
settling Theie was nevci any question or confusion, and m every instance the 
processed plasma tieated with homologous toxin was strikingly different fioni the 
two controls 

In the senes deh) dialed against diphtheria toxin, tube 1, containing a fuither 
increment of the same toxin, showed a similar but less profuse piecipitate than 
in the staph} lococcus senes About 5 to 6 per cent of the volume of the tube was 
occupied by antigen-antibody precipitate, while m the control tubes the lesults were 
similai to those obtained with the contiols m the previous senes There was usuall}'^ 
no precipitate, except m 2 oi 3 instances m which theie was a veiv small amount, 
which, hovvevei, could not be confused with that which appeared in the processed 
tube treated with homologous toxin Results in this senes were definite without 
being as spectacular as those noted in the staplnlococcus series Results may be 
illustrated in tabular foim as follows 


Plasma Dcliydratcd with Stajibylococcus Antigen 
Control 1 Control 2 Test 

Unprocessed plasma plus Processed plasma plus Processed plasma plus 

staphylococcus toxin diphtheria toxin staphv lococcus toxin 

Precipitate — to ± — to :± -f-f ++ 


Plasma Dehydrated with Diphtheria Antigen 


Control 1 

Unprocessed plasma plus 
diphtheria toxin 
Precipitate — to ± 


Control 2 

Processed plasma plus 
staphylococcus toxin 
— to ± 


Test 

Processed plasma plus 
diphtheria toxin 

-h+ 


It Will be seen that these results aie comparable to the ones obtained bv Pauling 
and Campbell and show specific piecipitates obtained by the tieatment of plasma 
which had gone thiough a dehydiation process m the presence of an antigen with 
further increments of the same antigen The faint precipitate which appeared in 
the control tubes m a few instances could repiesent preexisting antibodies acquired 
during the life of the animal 
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COMMENT 

It IS possible that seveial different foims of immunity exist, and the} ma\ arise 
from as many different sources This report deals only with the specific antibodies 
^ blood globulin There may be nonspecific piotective substances here in 
addition to the specific ones, as Street and van der Scheer, Bohnel, Claike and 
Wyckoff have demonstrated If so, the woik of sepaiation and classification has 
scarcely begun These specific antibodies seem to be of a protective nature, and the 
ability to combine with and cany down antigen ma} identify them as piecipitms 
The fact that the concentiation of agglutinins, in the expeiience of man} voikeis, 
fluctuates entiiely independently of curative antibody stiength undoubtedly places 
the two m separate categories Opsonins occupy still anothei niche, and accoidmg 
to Wiight their entiie functional activity is in doubt 

To letuin to the subject of this lesearch, evidence is offeied that antibodies 
can be formed in the native blood plasma by methods available in the average v ell 
equipped chemical laboratory and entirely independently of any mysterious "body 
reaction” These methods, although earned out in vitio, appioximate the chemical 
forces which act m the body 

At this point It will be objected that evaporation of j^Iasma in a flask and undei 
reduced piessure to a state of near-diyness can have little m common with aii} 
conditions which exist m the circulating blood of a living animal having a fiee 
respiiatoiy exchange under normal atmospheric pressure It is tiue that differences 
in degree may exist between the experimental conditions just desciibed and the 
changes Avhicli aie found clinically, but on closei scrutiny the differences in kind 
seem less final than at fiist glance A reduction in the volume of free water with 
its solvent action concentiates the dissolved electrolytes legardless of the disposition 
of the fraction removed In this instance, chemical segiegation m a bound vatei 
system should have no basic difference in effect fioni that exerted by loss thiough 
evaporation The fiee water fi action is reduced in volume and contains an inci eased 
concentration of electrolytes in either case 

In glass, this causes a considerable rise in the alkalinity of the plasma In vivo, 
no alkalinity comparable with these experimental figures has ever been obseived 
While life lasts, the body, by vaiiations in the carbon dioxide tension and the 
action of the various buffer salts, maintains a pn value in the blood which laiely 
reaches 7 55 It seems not impossible, however, that this value is deceptne and that 
plasma actually has no homogeneous and uniform hydiogen ion concentiation but 
has instead two different values repiesentmg bound and fiee water molecules in 
vhich our indicatois or electiode systems read the mean In health the tvo 
diff ei ent values should not be fai apart but should form a sensitive mechanism 
leady to respond to antigenic stimulation with a swelling of the protein molecule 
due to an increase in the amount of bound watei and a decrease in the amount of 
free water with a rise in alkalinity, or masked alkalosis This would produce a 
tension at the interfacial surfaces which might conceivably alter the foim or con- 
sistency of the protein sufficiently to permit its adaptation to the contours of the 
antigen molecule The result would be the formation of antibodies After lecover} 
and lestoration of a state of normal hydration there should be a disappeaiance of 


33 Street J A Studies on the Mechanism of Species Specific Immunit} Against Pneu- 
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34 van der Scheer, J , Bohnel, E , Clarke, F H , and W3 ckoff, R W G An Electro- 

phoretic Examination of Several Antipneumococcic Rabbit Sera, J Immunol 44 163-1/4 

^^Ts^^Wneht A E On the Need for Abandoning Afuch in Immunologj That Has Been 
Regarded as Assured, Proc Roy Soc Afed 35 161-186 (Jan ) 1942 
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the masked alkalosis and a lapid sweeping ol the excess waste nitiogcn through the 
kidneys, the new antibodies being left as sole e\ idence of the sti am that had existed 
In 01 del to have a moie complete undei standing of the piocesscs involved in 
the production of fevei and the development of immunity, it is necessary to begin 
with the w'oik of Balcai, Sansum and Woodyatt,-“ which has already been 
mentioned Since they hist ad\anced their hypothesis of “free” and “bound” 
watei it has atti acted the interest of the biochemical woild, and much time and 
ingenuity have been expended on investigations of the question Goitner,^*' who 
independently conceived the same vaiying i elation of wMter to protein, discussed 
the evidence at some length, and show'cd clcail} that such a dual status of water 
actually exists m many vegetable proteins and m certain othci nonpiotem colloidal 
systems as well Opinions regarding the status of watei in animal protein and 
paiticularly in blood are not unanimous Tochims and others affirmed the 
existence of bound water, wdiilc Sundeiman“® and Gicenberg and Greenberg*® 
denied it The results of their expeiimental work have since been challenged on 
technical grounds Robinson and Parsons'*® found much water present in blood 
and muscle which, since it w'as not frozen at — 20 C must ha\c been bound water, 
Playasida,^*^ in measuring the “nonsohent” space of blood scrum, discovered that it 
occupies about 20 volumes per cent, with rather wudc fluctuations occurring as the 
salt content varies, and gave added pioof fiom a different Mew point There is, in 
addition, evidence of adsorption oi binding of the chloride ion in the protein 
molecule, a state presumably not one of solution but one which permits the protein 
to come into intimate contact wuth the bound ion lie also called attention to the 
fact that exclusion of a poition of the fluid fiom functioning as a soKent results 
in a greatei condensation of electiohtes in the remainder than would be cMdcnt if it 
w'ere calculated as a uniform concentration m the entiie \olume Sunderman and 
Austin, ■** also Rackemann, Longcopc and Peters '* have show n clinically that febrile 
disease is accompanied by retention of water, a phenomenon which suggests some 
alteration of the structuies and tissues 

It seems reasonable to believe that when infection is present dehydration, 
alkalinization and remodeling of globulin proceed as long as it persists or as long 
as the forms from which it can be derived are m existence Cannon’s ** insistence 
on a plentiful supply of protein raw' mateiial to feed the chemical “templates” of 
the reticuloendothelial system applies wnth equal in genci to the blood stream and the 
antibodies which originate there Exhaustion of the proper natnc pioteins results 

36 Gortner, R A The Role of Water in Protoplasm, m Luck, J M Annual Review 
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Physiol 230 255-262, 1932 

38 Sunderman, F W The Osmotic Behavior of Water of Blood Serum, J Biol Chem 
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111 a collapse of lesistaiice, mIhcIi may be aveited by blood transfusion oi bi injection 
of the proper giade of antiserum The sulfonamide compounds haie of lecent jeais 
pioved a powerful complement to natural immunity Either iiithout the other ma\ 
fail, but both together have a remaikable cuiatne lecord 

The globulin molecule is, m geneial, much bulkiei than the albumin molecule 
and has a lowei colloidal osmotic pressure and a lov er solubiht)'- It has been shov n 
that globulin has a moleculai weight roughly twice oi some othei multiple of that 
possessed by albumin, and it seems not impossible that the inciease of globulin 
lepiesents a joining oi polymerization piocess of the albumin molecules Schmidt 
and Astbui}’-, Dickinson and Bailey discuss moleculai weights and pol) merization 
of piotems The wiitings of Cohn and his associates'*® cany the same thought 
They stated “Actually most globulins have moleculai weights of fiom 140,000 
to 170,000, being about twice as laige as the albumins, whose moleculai weight is in 
the neighborhood of 73,000 A small propoition of the globulin has the still higher 
molecular w^eight of about 900,000, or about twelve times as laige as the albumin, 
and globulin of even larger molecular weight has been observed ” 

The increase in the nonprotem nitrogen content of the blood in vivo seems to be 
dnectl}'’ caused by dehydiation, which prevents uiinaiy excietion without delaying 
the progressive accumulation of metabolic nitiogen This includes, of couise, a 
concentration of the blood as described by Barbour and Gilman,*' since halving 
ot the v'^olume giv^'es double the concentration of nonpiotein nitiogen In vutio, 
plasma which has been diied in a v^acuum and ledissolved in distilled water to the 
oiigmal volume shows an unchanged nitiogen concentiation If it is lestoied to 
halt its oiiginal volume the concentiation of nitiogen is doubled \i times of 
increased concentiation theie may also be an increment deiiv^ed fiom the cells 
as described by Belhs and Scott 

The foregoing explanation is of couise highly speculative and at piesent impos- 
sible to piov^e How^ever, it lepiesents an attempt to gioup togethei in their piopei 
lelationship ceitain phenomena which arise as a lesult of infection and aie pie- 
sumably an integiated and ordeily piocess not isolated events having no beaimg 
on one anothei 

The suggestion that the moie complex pioteins aie deiived from the simplei 
ones may reopen a contioversy wEich has existed since the earl)’’ dajs of the centui) 
w^hen MolP® attempted to convert albumin into globulin by tieatment with gentle 
heat and alkalis and believed that he had succeeded His lesults and mtei pretation 
have been laigelj^ i ejected Other attempts to foim globulin have been made at 
intervals A moie recent one is that of Fischer,^® who tieated albumin with hepaim 

44 Schmidt, C L A Chemistry of the Amino-Acids and Proteins, m Luck, J kl Annual 
Review of Biochemistry, Stanford University, Calif, Stanford University Pi ess, 1932 \oI 1, 
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46 Cohn, E J, and others Properties and Functions of the Purified Proteins of Animal 
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(antipiothiombm) and concluded that the ti ansforination occuned Hoolcei and 
Boyd disagieed, and at this writing it may be said that the buiden of proof rest‘d 
on those who believe the conveision possible In his electiophoietic studies 
Sciidder obseived that dining the prepaiation of dried transfusion plasma an 
inciease of gamma globulin, the fi action which carries immunity, appealed and that 
the incicase was still piesent when the plasma was ledissolved The gamind 
globulin oiiginates fiom one oi more of the native pioteins, peihaps the albumin 
and possibly thiough the agency of polymerization, as has previously been suggested 
This IS an added leason for the use of whole plasma in the preparation of aitificial 
antibodies The use of puiified globulin lequiics a pievious chemical separation 
of this protein and also eliminates the other foims which are bi ought into the 
gamma globulin pictuie by dehydration and arc then available to increase the \icld 
of finished antibodies 

Block, Dairow and Caiy*^- concluded that the scpaiation of blood proteins by 
physicochemical means is an unnatural one and that the globulins and albumins 
so obtained aie aitificial pioducts of the leagcnts used m their preparation The\ 
discovered, thiough quantitatne studies of the constituent amino acids of the total 
seium protein, an unchanging latio of aigininc to Ijsine, both m blood from patients 
with nephrosis with an albumin-globulin ratio of less than 1 and in normal blood 
with a far higher latio In isolated and supposedly puie proteins this is not so 
and albumin alwajs gives a larger yield of lysine than does globulin These obsei- 
vations aie evidence that the change is in the state of molecular aggregation rathei 
than intramoleculai and aie not incompatible with the hypothesis that a poljmeriza- 
tion process due to changes in h}diation and alkalinity is a cause of protein shitt 
Horn albumin to globulin which is rcadilj remodeled into antibody protein The 
aigument over conversion of albumin into globulin is thus reduced to one of no 
paiticular immunologic moment This is peihaps the preferable Mcwpoint from 
Mhich to speculate on the exact natuic of the changes Suffice it to say that undei 
the stimulus of dehydration certain of the proteins undergo an alteiation of solu- 
liihty which seems to place them in othei groups 

This theory also peimits a moie detailed explanation of certain nonspecific 
phases of immunity than has previously been possible Foi instance, the mtia- 
muscular injection of milk or the intiaienous injection of typhoid laccine is used 
to cause a icaction which frequently benefits ceitain types of aithritis In the past 
the impiovement has usually been attiibutcd to the accompanjing leukocitosis 
and peihaps the inci eased heat dining the peiiod of fevei Now”^ it can be recog- 
nized that the changes due to feiei include sw^elhng of the protein molecules 
1 eduction of the amount of the free w'ater and an ensuing masked alkalosis At this 
jimctnie much of the gamma globulin is in a plastic or “uncoiled” state, and while 
some molecules inteiact wuth the t}phoid oi milk antigen others come into contact 
wuth the aithiitic antigen wdiich lacks the potenc}"^ to initiate its own leaction, and 
aie molded into a suitable foim to neutralize it 

Immunity has up to the piesent been desciibed as a systemic process confined 
to the blood sti earn It is logical, how'CA'^ei , to believe that it may develop wdierei ei 
pioteins akin to those of the blood are found In Aarious regional and local infec- 
tions the signs point to the local development of immunity as a method of anti- 

50 Hooker, S B, and Bo\d W D Alleged Transformation of Serum Albumin into 
Serum Globulin, J Biol Chem 100 187-194 (March) 1933 

51 Scudder, T Studies m Blood Presentation The Stability of Plasma Proteins, Ann 
Surg 112 502-519 (Oct ) 1940 

52 Block, R J , Darrow, D C , and Cary, M K Basic Ammo Acids of Serum Proteins 
J Biol Chem 104 347-350 (Feb ) 1934 
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bacteual defense A fui uncle, foi instance, usually shows m the earlier stages, a 
small area of redness and pain \\heie the infecting organisms are located Sui- 
lounding this is an aiea of edema many times largei, which subsides when the 
infection has been checked and its toxic pioducts neutralized Diainage and lepaii 
of neciotic aieas aie latei developments The actual furuncular caMt} may persist 
long after immunity is established and the mci eased uatei content of the sin- 
lounding proteins has lanished As in the S 3 '^stemic leision of the process, leuko- 
cytes attracted by the nitrogenous fragments migiate to the centei of the distuibance 
to engulf the offending oiganisms and form pus The inleicellulai l}mph closely 
lesembles blood plasma m its chemical chaiacteii sties and undoubtedly participates 
in local immune reactions 

These studies suggest that all pieseived blood plasma which has been thiough 
a drying process has been subjected to some measuie of denatuialion and to 
immunization of an aboi tive and incomplete type Scuddei has shown by a study 
of electi ophoi etic patterns that in plasma dried from a fiozen state these changes 
are minimal, while in liquid oi heated plasma they are much gieatei If it were 
considered desirable to pi event the changes and have only the unaltered native 
proteins, it could peihaps be done by careful control of the pn lange so that it nevei 
1 ose above 7 45 oi / 5 

SUMMARY AND CONCLUSIONS 

Recent discoveiies indicate that the pioduction of antibodies undei laboiatoij 
conditions is within the bounds of possibility Dehydration has been sIionmi to cause 
conditions favoiable to the necessary changes m the proteins of the plasma The 
eftect of dehydration and the mechanism by which antibodies aie pmduced m the 
living organism aie discussed 

408 St Peter Street 

53 Scudder, J, in Mudd, S, and Thalhimer, W Blood SubshUitcs and Blood Trans- 
fusion, Springfield, 111 , Charles C Thomas, Publisher, 1942, pp 126-136 



THERAPY WITH SULFONAjMIDE COMPOUNDS FOR 
PATIENTS WITPI DAMAGE TO THE LIVER 

OSLER L PETERSON, MD 

Nrw -iORK 

AND 

EMMANUEL DEUTSCH, MD 

AND 

ArVXM'ELL FINLAND, MD 

BOSTON' 

The piesence of damage to the Inci is one ol the lew conditions which aie still 
consideied to contraindicate the use ot sullonamidc compounds or, at least, to 
lequiie caution m then administiation Main clinical icpoits, however, include 
cases in wdnch these dings have been successful!} used lot the ticatincnt of infections 
in the piesence of jaundice of vauing intcnsit} and toi patients wnth extensne 
damage to the Inei Adequate studies of the cfiecls of this loim of tlierap) on 
the hepatic function m such cases aic lew In this papci iheic is icpoitcd a series 
of 37 patients who piescnted evidence of acute oi clnoinc damage to the liver and 
who, for \aiious leasons, lecened eithei sulfathia/ole oi sulfadia/nie in full theia- 
peutic doses In each of then cases some studies weie made in an attempt to 
deteimine the eftect of the sulfonamide thciap} on lupatic function 

Li rrRA I L Ri: 

The Inei plays an impoitant lole in the metabolism ol mam oiganic compounds, 
including sulfanilamide, its deinatnes and some i elated compounds, notably paia- 
amnioben70ic acicU Indeed, the s}nthcsis ot hippuiic acid fiom beiuoic acid is a 
useful lest of hepatic function The aceLlation of sulfanilamide and probabl} 
of most of Its thciapcuticall} active derivatnes takes place chiefly in the Iner in 
some expel imental animals, such as the cat,^^ while in othcis notably the rabbit, it 
is piobabl} confined to that organ AceUlation in the labbit Inei has also been 
shown to take place in vitio" Scudi and his co-woikeis® demonstrated a definite 

From the Thorndike Memorial Laboratory, Surgical Research Laboratory, and Second 
and Fourth Medical Sen ices (Harvard), Boston Cit\ Ho'^pital, and the Department of 
Medicine, Flare ard Medical School 
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of Hippuric Acid A New Test of Liver Function, Am T M Sc 185 630 (May) 1933, 
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inciease in excietion of glucuionic acid dunng admimstiation of sullap}ndine and 
concluded that a laige pait of the “fiee” diug"^ ma) lealh be piescnl in tlie urine 
m the foim of the highly soluble glucuronate Sulfanilamide failed to stimulate 
the output of glucuionic acid, ^^hlle sulfathiazole did so to a model ate extent In 
rats with the fivei damaged by phosphoius, the inciease in output of glucuronic acid 
did not occui ■when sulfapyiidine was given, and there vas a maiked inciease in 
urolithiasis 

Theie is now consideiable evidence that the sulfonamide compounds may pioducc 
appreciable damage to the livei in experimental animals and also m man The fre- 
quency and extent of this injuiy vanes with the different derivatives The available 
information concerning each of the commonly used sulfonamide compounds will 
theiefore be consideied sepaiately 

Sulfanilamide is geneially considered to be more injurious to the Inei in human 
therapy than are the othei nidel}' used denvatives, but this has not been tine m 
all studies on expeiimental animals In rats aftei piolonged admimstiation of 
sulfanilamide, Davis, Hams and Schmeisser “ demonstrated diffuse degeneration 
of the hepatic paienchyma with focal neciosis and regeneiation of cells as evidenced 
by mitosis Kiems, Mai tin and Dille® also obseived iiici eased consumption of 
oxygen in vitro by the liveis of rats which had been subjected to lepeated adminis- 
tiation of sulfanilamide 

On the othei hand, Alolitoi and Robinson ' found no e\ idence of damage to the 
liver in dogs aftei piolonged admimstiation of sulfanilamide m laige doses In 
the livers of lats similaily tieated histologic studies revealed nothing significant 
except some degeneiatn e changes Gieisheimei and her co-woikeis® could not 
demonstrate any appreciable change in blood sugar or in foimatioii oi storage of 
glycogen aftei the admimstiation of sulfanilamide m single oi lepealed doses 
Fuithermoie, there is evidence that the fiequency and degiee of damage to the hvei 
lesulting fiom carbon tetiachloiide poisoning aie actually less when sulfanilamide 
IS given at the same time^ This piotective action of sulfanilamide is not inhibited 
by paraaminobenzoic acid*’" When sulfanilamide is given aftei the damage fiom 
carbon tetiachloiide has occui led, it does not inteifere with healing In animals 
with obstructive jaundice pioduced by ligation of the common bile duct no additional 
damage due to admimstiation of sulfanilamide was discerned This ding also seems 
to protect 1 ats fi om the damage to the livei caused by alcohol These findings 
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88 85 (July 22) 1938 
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do not necessaiil)^ mean that sulfanilamide itself is innocuous to the hvei They 
suggest, rathei, that it may interfeie in some way with the action of othei toxic 
agents and i educe the damage done by them 

Since the early clinical lepoits of Hageman and Blake and Harvey and Jane- 
way, evidence of damage to the liver lesulting from administiation of sulfanilamide 
has been presented by a numbei of observeis^- Long^-'^ found hepatitis with 
jaundice and impaiiment of hepatic function in the absence of anemia in 0 6 per cent 
of patients treated with sulfanilamide He slated that the piognosis in such cases is 
good if use of the diug is stopped and fluids are forced Damage to the liver may 
appeal after a few grams of sulfanilamide has been given, or it may occur only 
aftei an extended period of medication In the 2 cases reported by Spring and 
Bernstein theie was definite clinical and laboiatoiy evidence of hepatitis after 
the ingestion of 4 6 Gm in the one and of 7 Gm in the other In other cases damage 
developed only aftei piolonged or lepeated administiation All grades of damage 
ha^e been obsened, including several instances of acute yellow atioph}, of which 
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705 (Nov 5) 1942 (t) Watson, C J, and Spink, W W Effect of Sulfanilamide and 

Sulfapyridine on Hemoglobin Metabolism and Hepatic Function, Arch Int Med 65 825 
(Apiil) 1940 

13 Bannick, Brown and Foster^-** Fitzgibbon and Silv^er Gaivin^-s Gertler 
Ottenberg 121 Saphirstein 120 



PETERSON ET AL —HEPATIC DAMAGE 


59/ 


some ended fatally Toxic hepatic necrosis has also follo\\ ed the use of the original 
prontosil (hydrochloride of 4^-sulfonamido-2'-4^-diaminoazobenzene) and azosulf- 
amide (disodium 4-sulfamidophenyl-2'-azo-7''-acetylamiiio-l'-h3’^droxynaphthalene- 
3',6'-disulfonate), either alone or in conjunction \vith sulfanilamide Gatvin^^p 
observed an acute exfoliative dermatitis m 3 of his 5 cases of hepatitis lesultmg 
fiom sulfanilamide therapy, and Saphirstein leported a similai case 

The most thorough studies of hepatic function in patients treated vith sulf- 
anilamide were carried out by Watson and Spink They demonstrated urobihno- 
genuria, elevated serum biliiubm oi fiank jaundice in an appieciable number ot 
cases The jaundice was of the reguigitation type and was fiequentl} associated 
vith a direct van den Beigli reaction It was encounteied chiefly when large 
theiapeutic doses were employed, while aftei small doses, such as those fiequentlv 
used m ti eating infections of the urinary tiact, hepatic djsfunction was less apt to 
occui Similar findings were reported recently by Cantarow and Wilts Kap- 
nick, Stewait and Lyons demonstiated a fall in plasma piothiombm as an eaih 
sign of hepatic dysfunction in the couise of sulfonamide theiap) De Bonis 
noted jaundice, enlargement of the liver and uiobilmuiia duiing the fiist veek of 
sulfanilamide therapj’’ in 2 cases Using tests for galactose toleiance and tests with 
ammoacetic acid, he found evidence of hepatic distuibance in 5 of 11 normal subjects 
aftei a dose of 0 003 Gm pei kilogiam of body weight Studies of hepatic function 
in cases of hemolytic anemia developing during sulfanilamide theiapj ha^c also 
leiealed mild impaiiment in some instances 

Schmidt, on the othei hand, found no reduction in hepatic function, as judged 
by tests of galactose tolerance, during sulfanilamide theiapy He was studjung 
patients with gonococcic infections who weie being treated with rathei small doses 
He found that such patients often had i educed hepatic function befoie tieatment 
and that sulfanilamide always had a favoiable influence Sulfanilamide has also 
been used in isolated cases of obstructive jaundice and biliary ciirhosis associated 
■svith obstruction of the common bile duct^® as well as in cases of suppuiatne 
pylephlebitis and hepatic abscesses without evidence of aggiavation of the antecedent 
damage to the liver 

Banmck, Brown and Foster observed 2 cases of jaundice following sulf- 
anilamide therapy m which death occuned and in which there may have been pie- 
existmg hepatic damage They felt that sulfanilamide may cause such preexisting 
damage to progress to a stage fiom which regeneiation is impossible Watson 
also has stated that in his expeiience seveie and progressive hepatic injuiy is seen 
only when theie is reason to believe that the hvei was damaged bcfoie the admm- 
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istialion of the sulfanilamide, foi example, m the piesence of seveic infection oi 
toxemia oi \\ hen the drug was given to a patient who also i cceived ai sphenamme 
tieatment foi s}phihs Among Kapnick’s cases the gieatest i eduction m plasma 
piothiombin occuiied dm mg tieatment with sulfanilamide in a patient with knovn 
bihai}^ cnihosis who pieviousl} had a pi obliged prothrombin time and had 
leceived vitamin K 

The implantation of sulfonamide compounds into the peiitoneal cavit} aftei 
abdominal opeiations is a proceduie earned out vith Aarying icgiilarity by many 
suigeons, paiticulailv i\hcn infection is picscnt oi anticipated Because of its 
gieatei solubility, sulfanilamide is usualh chosen for this puipose, and in a numbei 
of instances hepatic damage has lesulted fiom its use in this manner In most of 
the cases oral doses weie used in addition While a consideiable depression 
of hepatic function is thought b} some surgeons to occui after an} abdominal 
opeiation, legaidless of the type of anesthesia used,"- the damage to the livei m 
most of the patients tieatcd with sulfonamide compounds could usually be attributed 
definitely to the diug and lmplo^cd w’hen treatment with it was discontinued In 
some instances laige doses (up to 20 Gm had been implanted Possibh the 
high concentration attained, together w'lth the sepsis, was icsponsible foi the 
injuiy to the livei m ceitain cases Blood fiom the portal vein may, for a short 
peiiod aftei abdominal implantation of sulfanilamide, ha\e a conccntiation of the 
diug 40 pel cent highci than that in the peripheral \enous blood but the lerels 
are usually the same aftei about foui hours Lc\ els of 400 to 800 mg per hundred 
cubic centimeteis of peiitoneal fluid ha\c been noted as long as toiU hours aftei a 
single implantation of sulfanilamide-' Some surgeons ha\e obser\cd no serious 
local 01 geneial effects fiom the intiapciiloncal use of this diug in many cases"® 

Sulfap} iidiiie, like sulfanilamide, has been found to pioducc damage to the Inei 
both in expel imental animals and m patients In monke}s. sulfap\ iidine causes 
its gieatest damage to the kidneys, but a “scions” hepatitis has been described"® 
Some of the hepatic cells appear Aacuolatcd and contain laige dioplets, and pigment 
IS seen in the Kupflei cells, but actual necrosis is not obsened-' In lats, single 
01 multiple doses of sodium suhap}iKhnc lesult m an elevation in blood sugai and 
an alteiation in the stoiage and formation ot glycogen which increases with the 
size of the dose® No micioscopic damage ascribable to sulfap}ndine has been 
noted in expeiiments pioducing chronic toxicity in lats,®® but foci of neciosis weie 

21 (o) Dees J G A Valuable '\djunct in Perforated \ppendiccs, Mississippi Doctor 

18 215 (Sept) 1940 (0) Jackson, H C, and Collcr, F A Tlie Use of Siilfanikaimde iii 

the Peritoneum Experimental and Clinical Obsereations T A A 118 194 (Jan 17) 1942 
(c) Raadm, I S , Rhoads, J E, and Lockwood, J S The Use of Sulfanilamide m the 
Treatment of Peritonitis Associated with Appendicitis, Ann Surg 111 53 (Jan) 1940 

22 Boace, F F The Role of the Lner m Surger^, South Surgeon 10 56 (Jan ) 1941 

23 Pearce, A E Intrapentoneal Administration of Sulfanilamide, Correspondence J A 
M A 120 982 (Noa 21) 1942 

24 Mueller, R S, and Thompson, J E The Local Use of Sulfanilamide m the Tieat- 
ment of Peiitoneal Infections, JAMA 118 189 (Jan 17) 1942, 

25 Thompson, J E , Brabson, J A , and Walker, J M The Intra-Abdommal Application 
of Sulfanilamide in Acute Appendicitis, Surg, Gjmec & Obst 72 722 (April) 1941 Mueller 
and Thompson 

26 Antopol, W , and Robinson, H Pathologic and Histologic Changes Following Adminis- 
tration of Sulfap 3 midine, wuth a Short Note on Sodium Sulfap) iidine. Arch Path 29 67 (Jan ) 
1940 

27 Femstone, W H, and others The Toxicity, Absorption and Chemotherapeutic Actnita 
of 2-Sufamlamidopyrimidine (Sulfadiazine), Bull Johns Hopkins PIosp 67 427 (Dec) 1940 

28 Walkei, H A, and a an Dyke, H B Observations on the Toxicology of Sulfathiazole 
and Some Related Compounds, J Pharmacol &. Exper Therap 71 138 (Feb ) 1940 
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noted in the livers of mice fed large doses of this drug Like sulfanilamide, 
sulfapyiidme seems to piotect the livers of lats from damage b\ caibon tetra- 
chloride*’^ The failure of lats whose liveis have been injured bj phosphoius to 
show an inci eased glucuronate output while being given sulfapyiidme and the 
lesulting increase in urolithiasis^’’ have ahead}'^ been mentioned 

In human beings, fatty changes in the hvei with fine globules umfoim!} dis- 
tiibuted in the hepatic cells weie noted by Brown, Thornton and Wilson^® in all 
patients who died of pneumonia aftei sulfapj-’i idine theiapy This vas inleipieted 
as probably due to the toxicity lesultwg horn the disease In 1 of then patients 
jaundice and enlargement of the liver developed, but eventually leccded These 
woikers latei lepoiled the findings of sulfapyiidme in the hvei fiom ten to foit} 
days after the last dose,^^ but they would diaw no conclusions as to whethei stilfa- 
pyiidine causes hepatitis Long and Wood**- noted 1 patient with sulfapyiidine- 
tieated pneumonia who had hepatitis associated with jaundice in the absence of 
acute hemolytic anemia In the case repoited by Cutts and Bowman"^ jaundice 
and aching in the right uppei quadiant of the abdomen accompanied the hcmatuiia 
and encephalopathy which followed the intiavenous adininistiation of 20 Gm of 
sodium sulfapyridine over a ten lioui peiiod All the symptoms subsided faiil} 
piomptly Two cases of hepatitis fiom sulfapyiidme in childien weie lepoited 
by Leopold and SobeP’ Spink’**’ and Watson and Spink’-’ encountered mild 
hepatitis in occasional sulfapyiidine-tieated patients, but they found much less dis- 
tuibance of hepatic function than among the ones tieated with sulfanilamide Othcis 
have also leported evidence of hepatic dysfunction, such as hypeibihiubinemia, 
uiobilinogenuria and decreased plasma prothi ombin,’*’ in sulfapyiidine-tieated 
patients with pneumonia and other infections It should be mentioned, howevei 
that some patients with severe hepatitis have been successfully tieated foi pneu- 
monia with sulfapyridine and have not shown any evidence of inciease in the 
damage to the liver 

Sulfathiazole has proved less toxic to the Iwei than eithci sulfapj iidine oi 
sulfanilamide, both for laboratoiy animals and foi human beings In dogs given 
large doses renal function is depicssed but hepatic function is not aftected In 

29 Rake, G, van Dyke, H B, and Corwin, AV C Pathologic Cliangcs Following 
Prolonged Administration of Sulfathiazole and Sulfapi ridinc, Am J M Sc 200 353 (Sept) 
1940 

30 Brown, W H , Ihornton, W B, and Wilson, J S Ohscr\ations on the Absorption, 
Distribution and Excretion of Sulfapyridine, J Clin Investigation 18 803 (Nov ) 1939 

31 Brown, W H , Thornton, AV B, and AAhlson, J S An Evaluation of the Chnic.il 
Toxicity of Sulfanilamide and Sulfapj ridiiie, JAMA 114 1605 (April 27) 1940 

32 Long, P H , and Wood, W B , Jr Observations upon the Experimental and Clinical 
Use of Sulfapyridine II The Tieatment of Pncuinococcic Pneumonia with Sulfapyridine, 
Ann Int Med 13 487 (Sept) 1939 

33 Cutts, F B, and Bowman, R O Toxic Effects m Alan of 0\crdosagc with Sodium 
Sulfapyridine Report of a Case, New England J Alcd 225 448 (Sept 18 J 1941 

34 Leopold, J S , and Sobel, I P Sulfapyridine Therapy in Pneumonias of Infancy and 
Childhood, Arch Pediat 56 581 (Sept) 1939 

35 Elf, L A, and McLeod, C AI Increased Urobilinogen Excretion and Acute Ilcmohtic 
Anemia m Patients Treated wnth Sulfapyridine, J Clin Iincstigation 19 451 (Ma\ ) 1940 
Cantarow and AVirts 

36 Finland, M , Low^ell, F C, and Strauss, E Treatment of Pncumococcic Pneumonia 
W'lth Sulfapyridine, Sulfathiazole and Serum, Ann Int Aled 14 1184 (Jan ) 1941 Brown, 
Thornton and AA’ilson 

37 Climenko, D R , McChesney, E AA*”, and Alesscr, F Continued Admimslialion of 
Sulfathiazole on Renal and Hepatic Function in the Dog, Proc Soc Expci Biol & Med 46 
124 (Jan) 1941 
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lats, sodium sulfathiazole pioduces a definite inciease in blood sugar but does not 
affect hepatic glycogen unless highly toxic doses are used ® Microscopic changes 
aie seen in the liveis of lats which leceive laige doses"® No such lesions have 
been produced dining the usual experiments for pioducing chionic toxicity in 
latsy® but they have been seen duiing similar studies on mice®® 

Isolated instances of hepatitis have been noted in patients receiving sulfa- 
thiazole in the usual theiapeutic doses ®® In 1 patient hepatitis with seiere jaundice 
and enlaiged hvei but without anemia accompanied the development of agranulo- 
c) tosis This patient was treated for pneumonia and empyema by prolonged admin- 
istiation''® of sulfathiazole Rammelkamp observed a patient in uhom, aftei 
a couise of sulfathiazole theiap}, fever, jaundice, and enlargement of the liver 
dei eioped The complication cleai cd slowly u hen use of the drug \\ as discontinued 
One month latei the administi ation of a single dose of 0 5 Gm of the same drug 
was followed lapidly by a lecuiicncc of the same symptoms Studies of hepatic 
function have shown some impairment dm mg administration of sulfathiazole similar 
to that found in patients treated with sulfapyi idine Hepatic dysfunction, uith 
bile and uiobilmogen in the uime, dcci eased output of hippuric acid and retention 
of biomsulphalein, was noted m 1 case of hemolytic anemia following sulfathiazole 
theiap} In another case of acute hemolytic anemia from sulfathiazole, no hepatic 
dysfunction was demonstiated,'’'’ while in a third the liver was enlarged and tender 
In a lecent case extensive focal necrosis of the Iner, kidneys, spleen and adrenals 
uas asciibed to the toxicity of sulfathiazole 

Sulfamethylthiazolc uhen given as the sodium salt to rats pioduces seveie lenal 
damage with nitrogen retention Associated with this there is also increased 
glj cogen in the hvei and definite hepatic injury '* No gross or micioscopic lesions 
attributable to this drug ueic noted dining cxpcnmcnls for producing chronic 
toxicity 111 lats®® There is little information concerning hepatic injury in human 
theiapy, but sulfamethylthiazole diug has not been used extensively 

Sulfadiazine produces no demonstrable damage to the liver in mice, rats or 
monkeys Cantarow and Wirts found hepatic injury in 3 patients treated uith 
sulfadiazine This uas evidenced by bihrubincmia, uiobihnogenuria, retention of 
biomsulphalein and diminished output of hippuric acid Kapnick, Stewait and 
Lyons obseiwed a reduction of plasma prothrombin in 2 patients treated u ith 
sulfadiazine, but m 1 of them the piothrombin time returned to normal aftei fire 

38 Long, P H Thiazolc Denvatnes of Sulfanilamide Sulfathiazole and Sulfameth\l- 
thiazole, J A M A 114 870 (March 9) 1940 

39 Cantarow and Wirts Spink Finland, Lowell and Strauss 

40 McCarty, W C , and Finland, kl Personal communication to the authors 

41 Rammelkamp, C H Personal communication to the authors 

42 Cantarow and Wirts Kapnick, Stewart and Lyons 

43 Rothstem, I, and Cohn, S Acute Hemolytic Anemia, Autoagglutination, Toxic 
Hepatitis and Renal Damage Following Sulfathiazole Therapy Case Report, Ann Int J^Ied 
16 1S2 (Jan ) 1942 

44 Quick, E D , and Lord, F D Acute Hemolytic Anemia Following Sulfathiazole 
Administration Report of a Case with Recovery, JAMA 117 1704 (Nov IS) 1941 

45 Bunin, J J , and Israel, M Acute Hemolytic Anemia Caused by Sulfatliiazole, Ann 
Int Med 16 333 (Feb ) 1942 

46 Simon, M A , and Kaufman, M Death Following Sulfathiazole Therapy, Canad 
M A J 48 23 (Jan ) 1943 

47 Lehr, D , Churg, S , and Antopol, W Mechanism of Liver and Kidney Damage 
Caused by Sodium Sulfamethylthiazole, Proc Soc Exper Biol & Med 45 447 (Oct ) 1940 
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da3s during which the patient continued to recene laige doses ot this diug In our 
o^^ n and in Spink’s expei leiice no evidence of damage to the liver has been 
noted m large numbeis of sulfadiazme-treated patients with all hpes of infections 
Some patients with seveiely impaired hepatic function ha\e been tieated with lull 
doses of sulfadiazine foi vai lous diseases without ill effects and even with improA e- 
ment in hepatic function duimg tieatment Spink has lecommended its use in cases 
of cinhosis of the liver when a sulfonamide compound is indicated 

MATERIALS AND METHODS 

The patients studied were all admitted to the Boston City Hospital during 1941 and the 
first half of 1942 Only those patients are included in whom there was clinical and laboratory 
evidence of damage to the Iner and in whom tests of hepatic function were made before and 
after a course of some sulfonamide compound In many of these cases repeated tests were 
made both during the sulfonamide therapy and for some time later A large number of 
other similar patients treated with sulfonamide compounds were observed during this period, 
but they are not included here because of inadequate data 

In 13 of the cases a diagnosis of acute hepatitis was made, in them the damage to the liver 
was, for the most part, secondaiy to an acute pyogenic infection, except in 1 case in which 
a diagnosis of catarrhal jaundice was made The remaining patients had chronic disease of 
the liver and included 14 with portal cirrhosis, 5 with biliary cirrhosis, 4 with damage to 
the livei resulting from chronic congestive cardiac failure and 1 with diffuse carcinomatosis 
To most of the patients the sulfonamide compound was given in the usual therapeutic doses 
and for a definite pyogenic infection To a few, however, the drug was given because of a 
suspected infection, the presence of which was not substantiated Sulfathiazole and sulfadiazine 
were each used alone for 14 patients , both were given in succession or on separate occasions 
to 7, and 2 received sulfapyridine The average total dose per patient i\as 44 Gm Those 
treated with both sulfathiazole and sulfadiazine received an average total dose of 56 Gm 

Several tests of hepatic function were employed and the icterus index was determined 
frequently in every case The hippuric acid test was carried out according to the gravimetric 
method of Quick A fractional bromsulphalem test was performed by injecting 2 mg of 
dye per kilogram of body weight and estimating the amount of dye retained after five and 
fifteen minutes, according to the method described recently by Deutsch The prothrombin 
time was measured by Souter and Kaik’s modification of Quick’s ''i method Tests were made 
for bile in the urine, and its urobilinogen content was estimated by the dilution method of 
Wallace and Diamond in most instances In a few cases daily quantitative determinations 
of urobilinogen were made by the method of Watson Several of these tests were usually 
carried out in each case The concentrations of sulfonamide compounds in the blood and the 
urine were determined at frequent intervals by the method of Bratton and Marshall 

The clinical course of the patients was followed closely from day to day Therapy for 
the disease of the liver included diets high in carbohydrate and protein and low in fat, brewers’ 


48 Finland, M , Strauss, E , and Peterson, O L Sulfadiazine Therapeutic Evaluation 
and Toxic Effects in Four Hundred and Forty-Six Patients, JAMA 110 2641 (June 14) 
1941 Finland, M , Peterson, O L , and Goodwin, R A , Jr Sulfadiazine Further Clinical 
Studies of Its Efficacy and Toxic Effects in Four Hundred and Sixty Patients, Ann Int Med 
17 920 (Dec) 1942 

49 Deutsch, E A Fractional Bromsulfalein Test to Determine Livei Damage m the 
Non-Jaundiced Patient, New England J Med 225 171 (July 31) 1941 

50 Souter, A W, and Kark, R Quick’s Prothrombin Test Simplified by the Use of a 
Stable Thromboplastin, Am J M Sc 200 603 (Nov ) 1940 

51 Quick, A J , Stanley-Brown, M , and Bancroft, F W A Studv of the Coagulation 
Defect in Hemopnilia and in Jaundice, Am J M Sc 190 501 (Oct ) 1935 

52 Wallace, G B , and Diamond, J S The Significance of Urobilinogen in the Urine 
as a Test for Liver Function, with a Description of a Simple Quantitativ^e Method for Its 
Estimation, Arch Int Med 35 698 (June) 1925 This method may gne false high readings 
during therapy with sulfonamide compounds 

53 Watson, C J Studies of Urobilinogen I An Improved Method for the Quantitative 
Estimation of Urobilinogen m Urine and Feces, Am J Clin Path 6 458 (Sept) 1936 

54 Bratton, A C, and Marshall E K, Jr A New Coupling Component for Sulfanilamide 
Determination, J Biol Chem 128 537 (May) 1939 
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Chart 1 — Clinical chart and rclc\ant laboratorj data in case 5 A man of SO with t\pe I 
lineumococcus lobar pneumonia invohing the middle and the lower lobe of the right lung 
w'as admitted to the hospital on the sixth dav of illness with mild jaundice, slightlj enlarged 
Iner and bile-stained urine Blood culture showed no growth The temperature and pulse 
rate dropped to normal after thirty-six hours of sulfathiarolc thcrap\ The jaundice and the 
other symptoms of acute hepatitis impro\ed rapidlj thereafter 



Chart 2 — Chart of case 3 A man of 68 with a historj' of excessive intake of alcohol 
and a previous episode of jaundice thirty years ago w'as admitted to the hospital on the ninth 
day of a severe lobar pneumonia involving the upper lobe of the i ight lung He had moderateh 
intense jaundice of tw'O days’ duration At entry the edge of the Inei was felt 8 cm below 
the costal margin and w'as tender After treatment with sulfadiazine and antipneumococcus 
serum the fevei and toxic symptoms subsided, the jaundice cleared, and the livei edge leceded 
gradually The nonprotein nitrogen content of the blood was ele\ated at the time of the 
patient’s admission to the hospital It increased temporanh and then returned to normal after 
administration of the drug was stopped (see also table 1) This patient probably had underljang 
portal cirrhosis 
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yeast or a preparation of autohzed jeast (vege\) in doses of 6 to 12 Gin daily, parenteralh 
administered vitamins and crude Iner extracts uhen the\ seemed indicated and carbohjdrate 
supplements in the foim of corn syrup (Karo) 

RESULTS 

Patients zvith Acute Hepatitis — ^The essential data concerning the 13 patients 
listed in this category aie given in table 1 In 7 of the cases, the hepatitis was 
secondary to seveie lobai pneumonia In each of these 7 cases jaundice cleared 
and hepatic function impioved with sulfonamide theiapj Chait 1 gives data for 
a typical case Two of the 7 patients had evidence of some lesidual damage to the 
hvei as indicated by diminished excietion of hipjiuiic acid at the time of discharge 
from the hospital One of these 2 patients (case 3, chait 2) had a high nonprotein 
nitiogen level in the blood at cntrj, and this increased appieciably during sulfa- 
diazine treatment but leturned to noimal aftei the diug ^\as stopped The other 
patient (case 2) had a slight ele\ation of the le\el of nonpiotein nitrogen in the 
blood during sulfathiazole treatment*'^ Both of these patients vere clinically veil 
when they left the hospital The formei probablj had an underlying portal cirrhosis 
with acute hepatitis lesulting fiom the pneumonia 

In 3 patients the cause of the acute hepatitis was unceitain In 1 of them a 
diagnosis of cataiihal jaundice was made, and thcie was no evidence of any other 
infection The second had a sti eptococcic pharjngitis and the third had a colon 
bacillus pyelonephi itis In each of these patients theie was rapid recovery with 
steady improvement in hepatic function, which letuined to normal during sulfa- 
thiazole or sulfadiazine thciapy 

One of the patients (case 7), a w^oman of 60, had colon bacillus sepsis and 
probably multiple abscesses of the liver complicating chronic ulcerative colitis She 
was treated fiist wnth sulfathiazole and then with sulfadiazine and showed gradual 
improvement both in the infection and m the hepatitis dunng the treatment In 
another patient (case 12), a woman of 26, acute ulceiatue colitis developed during 
the course of piegnancy, and she w^as admitted to the hospital because of rupture 
of the bowel, wdiich w’as followed b} peritonitis, generalized sepsis, acute hepatitis, 
pneumonia and putrid empyema The jaundice impioved dunng sulfathiazole and 
sulfadiazine theiapy, but the patient died aftei tw'O w'ceks At autopsy multiple 
abscesses of the Inei w'eie found 

Case 8 is of special interest In this patient, a man of 74, the peritoneal cavity was con- 
taminated with feces in the course of a cecostomy performed to relic\e a complete obstruction 
of the descending colon due to carcinoma At the tunc of operation, 10 Gm of sulfanilamide 
was sprinkled into the peritoneal cavity and the cecostomj wound On the follow'ing day 
there was evidence of both peritonitis and sepsis m the w’ound and the patient became jaundiced 
Treatment with sulfathiazole was started, and a total of SS Gm w'as given in nine da>s 
During this time both the infection in the wound and the signs of peiitonitis cleared, the 
icterus index dropped from 110 to 10, and the excretion of hipptiric acid increased slightlj 
Two weeks later the bromsulphalein test show’cd no retention of the dye in fifteen minutes, 
but there was still an increased output of urobilinogen in the urine (7 mg per day by Watson 
method) An exploratory operation performed after live w'ceks revealed numerous metastases 
m the liver and omentum The patient died four months later with progressive cachexia 
This case presents a good example of acute hepatitis resulting from intraperitoneal sepsis 
and implantation of sulfanilamide, in which the hepatitis resolved when the infection was cured 
by administration of sulfathiazole 

55 The excretion of hippuric acid is, of course, diminished in the presence of renal damage 
which IS associated with retention of nitrogen 
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Patients with Chiomc Disease of the Livei — ^Twenty-four patients with chronic 
disease of the livei aie included in this study The damage to the Iwei was classified 
as seveie in 13 of the cases and moderate in the remainder, except 1 in which it was 
considered to be mild The clinical diagnosis was portal ciiihosis (Laennec) in 14 
cases, biliaiy ciiihosis m 5 and chronic passive coiigeston oi caidiac cirrhosis in 
4, while in 1 case there was an old cirrhosis of undetermined t 3 ^pe with superimposed 
metastatic caicinoma The cases of poital cirihosis occuiied chiefly in patients with 
a histoiy of piolonged and excessive alcoholic intake and faulty nutrition The 
biliai} ciiihosis was secondary to obstruction, resulting from stenosis of the common 
bile duct in 2 cases, from cholelithiasis in 2 otheis and from caicinoma of the gall- 
bladdei in 1 case 

Sulfathiazole and sulfadiazine were each used alone in 9 cases, both weie used 
eithei in succession or at different times in 5, while in 1 sulfapyridine was given 
The drugs were used chiefly for the treatment of pneumonia, hemolytic streptococcic 
infections, such as pharyngitis or erysipelas, and infections of the urinary tract 
They ere given in full therapeutic doses 

All of the patients also leceived intensive therapy for then hepatic disease 
The exacerbations and remissions which characteiize the healing process in cirrhosis 
of the liver have frequently made very difficult an evaluation of the effects of the 
sulfonamide therapy Furthermore, the oliguria so often associated with the seveie 
relapses in the cases of portal cirrhosis would appeal greatly to enhance the hazaids 
of this form of treatment 

Some of the lelevant data in these cases and the results of the tests of hepatic 
function earned out before and aftei the sulfonamide therapy are listed in table 2 
So far as hepatic function is concerned, the patients with chionic disease of the 
li% er seemed to tolei ate the drugs well Eleven of the patients showed improvement 
in hepatic function during sulfonamide therapy concomitant with the clearing up 
of the infection for which the drugs were given In 11 other patients there was no 
apparent change in the status of the liver, although the infection in most of these 
cases was favorably influenced by the sulfonamide therapy In 2 patients (cases 
19 and 31) there may have been some temporary aggravation of the hepatic dys- 
function during the chemotherapy at a time when they were manifesting other toxic 
leactions from the drugs 

In view of the role of the liver in the acetylation and detoxification of the 

sulfonamide compounds, it is of interest that the conjugation of these diugs in this 

group of patients was apparently unaffected At least the peicentage of drug found 
in the conjugated form (by the method of Bratton and Marshall ‘'^) both in blood 
and m urine of these patients was essentially the same as in the geneial run of 
patients without disease of the liver 

A brief summary of 3 repi esentative case reports will serve to indicate the 

vaiiations in the lesults of the tests of hepatic function observed in some of the 

present cases 

Case 25 (chart 3) —A 40 year old white laborer had been a heavy consumer of alcoholic 
beverages for fifteen years For a year before he entered the hospital his appetite had been 
poor His abdomen had been increasing in size for four or five months, and for the last fiie 
Or SIX weeks he had noticed that his skin and scleras were jaundiced At the time of admission 


56 Peterson O L , Strauss, E , Taylor, F H L , and Finland, M Absorption, Excretion 
and Distribution of Sulfadiazine (2-Sulfanilamido-Pyrimidine) Am J M Sc 201 367 (MaicM 
1941 Strauss, E , Lowell, J C , Taylor, F H L, and Finland, M Obser\ations on the 
Absorption, Excretion, and Distribution of Sulfanilamide, Sulfapyridine, Sulfathiazole and 
"Sulfamethylthiazole, Ann Int Med 14 1360 (Feb ) 1941 
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the patient was obviously jaundiced and numerous spider telangiectases w'ere seen about the 
head, the shoulders and the upper parts of the arms There were also two pulsating angiomas 
on the forehead His abdomen was distended by ascites, and the hepatic dulness extended 10 cm 
below' the costal margin There w'as slight pitting edema of the legs and some hyperesthesia over 
the feet, and knee and ankle jeiks were diminished The significant laboratory data at that time 
(not shown in the figure) included the following values icterus index, 25, plasma proteins, 
5 2 Gm per hundred cubic centimeters, of wdiich 2 3 Gm was albumin and 2 9 Gm globulin, 
prothrombin, 55 per cent of normal, and excretion of hippuric acid, IS Gm (one week 
latei It w'as only 0 34 Gm ) 

The patient was given a diet high in protein and carbohydrate and low' m fat Tins was 
supplemented b\ corn sjrup and a preparation of autoljzed yeast, and the patient w'as also 
given large doses of liver extract intramuscularly His urinary output was low during the 
first foui w’eeks and then began to increase gradually After file weeks he had improied 
somewhat and ivas given sulfadiazine in doses of 1 Gm cverj four hours for a week The 
patient continued to improie while given the drug, and the ascites, which had remained sta- 
tionary up to that time, began to clear with tlie onset of a pronounced spontaneous diuresis 
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Chart 3 — Clinical chart and laboratory data in case 25 for the fifth to the ninth week in 
the hospital A summarj' of the case histon is given in the text (see also table 2) 


There was also an appreciable increase m excretion of urobilinogen in the urine, such as is 
often seen during improvement in hepatic function in patients w’lth portal cirrhosis Two 
weeks later the patient was given a second course of sulfadiazine for three days for a mild 
infection of the upper part of the respiratory tract, and equallv favorable results were obtained 

The improvement in this patient’s condition was probablj a reflection of a spontaneous 
remission w'lth regeneiation and healing of the liver and is probablv in no way related to the 
administration of sulfadiazine It is significant, however, that the fav'orable course was in no 
way altered bj the chemotherapy Of interest also is the fact that only from 60 to 70 per cent 
of the drug recovered in the urine was determined as "free” sulfadiazine This would suggest 
that there was an essentially normal conjugation (acetylation) of the drug in this patient®® 

Case 26 (chart 4) — A woman of 41 with a long history of alcoholism was admitted to the 
hospital after having symptoms of delirium tremens for thiee weeks Nausea, vomiting, 
jaundice and dark urine had been present for five days The patient was well nourished 
and moderately jaundiced There were a few fine telangiectases over the forehead, the face 
and the neck The edge of the liver was felt 4 cm below the costal margin, and a small 
amount of ascites was made out She was considered to hav'e portal cirrhosis and was given 
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a diet high in protein and carbohydrate and low in fat This was supplemented ^\lth ^east 
and parenteral injections of liver extract During the patient’s second week in the hospital, 
because of persistent fever and signs of bronchopneumonia, the administration of 1 Gm ot 
sulfadiazine every four hours was begun The jaundice was subsiding at the time, and the 
icterus index had dropped from 110 to 40 Use of the diug was inadvertenth continued for 



Chart 4 — Clinical chart and laboratory data in case 26 This case has been reported by 
'Curry,^’’ and a brief summary of the clinical observations is given in the text 



Chart 5 — Relevant data in case 29, a brief summary of which is gi\en in the text 


twenty-four days, at the end of which time fever and agranuloc% tosis de\ eloped Chemo- 
therapy was then stopped, and the leukocyte count returned to normal in a few da>s During 
the administration of sulfadiazine the hepatic function did not seem to be affected adierseh 
and, m fact, continued to improve There was a recurrence of the jaundice and a transient 
rise m the icterus index to 40 during the second week after use of the drug w'as stopped and 
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well after the tenipcratiiie and leukoq’te count had returned to normal This case has been 
reported in greater detail by Dr Curry 

Case 29 — A woman of 43 was admitted to the hospital because of fc\cr, cough and bile- 
stamed purulent sputum of se^cral da} s’ duration She had had a cholecystectomy fourteen 
years previously and had become jaundiced one month after the operation The jaundice had 
persisted in laiying degrees e\er since and was not improved after a laparotomy which was 
performed nine ^eals latei At the time of entry she was moderately jaundiced, the liver 
edge was felt 7 cm below the costal margin and the edge of the spleen was also palpable 
The icterus index was 60, and the prothiombm le\el was 60 per cent of normal The excretion 
of hippuric acid was 1 79 Gm at that time and 0 75 Gm one week later Because of persistence 
of fever, leukoc\tosis and signs of pulmonary consolidation, the patient vas gnen sulfadiazine 
in doses of 1 Gm e\cry four hours The pneumonia improved promptly, but there was 
essentially no change in the jaundice and in the results of tests of hepatic function during 
or after the therapy (table 2 and chait 5) 

Toxicity of Snlfonomidc Compounds — The important and severe toxic eftects 
ot sulfonamide theiapv encounteied m this senes of cases are summarized m 
table 3 accoidmg to both the undcihnng hepatic disease and the drug used 


T NBLr 3 — 7 one Maiiifcilohous fiotn Sulfoiiamtdc Compounds in TIitrl\'-Scvcn Patients 

iK'ith Disease of the Live) 



•tcute 
Ilepatitls 
(li Case*) 

Portal 

Cirrho'is 

Biliary 

Cirrho'^is 

Chronic 
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and Mis 
cclinncous 
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SP 
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2 

Rash and fever 
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o 
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0 
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1 
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^itrofeeu retention * 
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2 

Agranuloc} tosis 

0 

It 
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0 

1 
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Total 

3 

9 

1 

0 

8 

4 

1 

13 

Percentate of cases 

23 

Cl 

20 

0 

3S 

19 

30 

Co 


Tor abbreviations see tables i and 2 
* Without hematuria, etc 
+ One patient also had fever 

t 7 patients received botli ST and SD, 2 of thc'C ind fever from ST and not from SD 


They ate noted foi the indmdual cases in tables 1 and 2 It is apparent that 
the serious complications veie particulaily frequent among the patients with 
portal ciirhosis Renal complications, including retention of nitrogen, occuired 
in 4 patients This high incidence is asciibable, in part, to the low urinary 
output of these patients, most of whom had edema and retention of water 
which lesponded lathei poorl} to treatment with diuietic drugs In most of 
the other patients with poital ciiihosis, howeyer, there w'as no evidence of renal 
irntation, although the daily output of urine langed onlv between 500 and 
1,200 cc Admmistiation of alkali in the form of sodium bicarbonate to these 
patients lesulted in fuithei letention of w^alei and w'as theiefoie not as useful in 
preventing lenal complications as it appeals to be foi patients wdio have a normal 
w^atei metabolism In the lemaming patients wnth chronic damage to the Inei 
and in those wuth acute hepatitis, all the toxic effects of the sulfonamide compounds 
were less fiequent than in the patients wnth portal cnihosis, but the numbers of 

57 Currv, J J Acute Agranulocytosis Following Sulfadiazine, JAMA 12** 1502 
(Aug 29) 1942 

58 Peterson, O L , Goodwin, R A , Jr , and Finland, M Observations on the Urinary 
Excretion of Sulfadiazine, J Clm Investigation 22 659 (Sept ) 1943 
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patients are too small to peimit one to judge \\hethei oi not such eftects weie moie 
fiequent than m patients without damage to the Inei 

Sulfathiazole and sulfadiazine \\eie each used foi 21 patients, including 7 \\ho 
received both drugs either in succession or at diffeient tunes Toxic manifestations 
of the type listed in table 3 weie twice as fiequent duiiiig administration of sulfa- 
thiazole as they weie during sulfadiazine therapy Essentiall} the same lelatne 
fiequency of toxic reactions has been noted from these two drugs in patients without 
disease of the liver Of the 7 patients who received both drugs, 2 had ferei from 
sulfathiazole only 

COMMENT 

Although the nnmbei of cases studied is small, the results presented seem to 
be fairl) consistent and warrant certain conclusions The excellent results obtained 
after the admrnrsti atron of sulfathrazole and sulfadiazine (and piobabl} also o) 
sulfapyiidme) to patients with acute hepatitis veie striking The successful tieat- 
ment of the under 1) mg infectious process produced rapid recovery from the damage 
to the liver All the patients showed conrplete clinical lecoreiy before the} left 
the hospital, although 2 of them still showed evidence of lesidual damage, as 
indicated by tests of hepatic function Acute hepatitis secondaiy to a bacterial 
infection calls for energetic treatment with full doses of such effectne sulfonamide 
compounds as sulfathiazole and sulfadiazine instead of contiamdicating then use 
Complications of such chemotherapy appear to be no moie fiequent in this group 
than 111 patients with normal hepatic function 

In patients with chronic disease of the livei the lesults weie not so striking 
It IS significant, however, that most of these patients had severe damage to the 
livei, and yet sulfathiazole or sulfadiazine did not aggiarate then hepatic disease 
enough to produce measurable changes in the lesults of the tunctional tests that 
ueie employed In the 2 patients who appear to have been made voise by the 
drugs, either the changes noted were coincident with the natural fluctuations in the 
disease or they were in some way related to the toxic manifestations of the drug 
It IS fair to conclude, however, that in cases of chronic damage to the Inei, as in 
cases of acute hepatitis, sulfathiazole or sulfadiazine need not be withheld when 
then use is otherwise indicated Some additional caution seems warranted in then 
use for chronic disease, particularly in order to insure an adequate urinary output 

In the patients with portal cirrhosis there are often associated diseases such 
as alcoholism, faulty nutrition or specific vitamin deficiencies and water letention 
The possibility of interference with the utilization of vitamins, such as nicotinic 
acid and thiamine, by drugs like sulfapyiidme. sulfathiazole and sulfadiazine because 
•of certain chemical similarities, warrants some consideration =“ It is doubtful, how- 
ever, whether this factor is of any clinical significance, e\en m cases like the ones 
under discussion here 

The high incidence of toxic reactions to the sulfonamide therapy in jMtients vith 
portal cirrhosis lends further weight to the contention that the liver is concerned 
in the “detoxification” of sulfonamide compounds This process is probably dif- 
ferent from the usual “conjugation” oi “acetylation,” such as one measuies in 
determining the “free” and “total” sulfonamide compounds by the method of 
Bratton and Mai shall The values obtained in blood and in uiine by this method 
indicate relatively normal conjugation The high incidence of lenal complications, 
however, suggests the possibility that theie is a failuie to foim soluble conjugates, 
such as glucuronates or ether eal sulfates, as noted by Scudi and his associates “ 

59 Janewaj, C The Sulfonamides I Their Mode of Action and Pharniacolog% , New 
England J Med 227 989 (Dec 24) 1942 
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The fiequenc} of other toxic manifestations, such as drug te\eis, rashes and 
agranuloc} tosis, may also depend on the failure of some as yet unexplained foim 
ot detoxification by the liver 

Patients with hepatic dysfunction secondaiy to cardiac failure seemed to tolerate 
sulfathiazole and sulfadiazine about as well as those with acute hepatitis The 
degree of hepatic dysfunction appeared to depend on the course of the underlying 
disease and appaiently w^as unaffected by the chemotherapy It has been pointed 
out pieviously that m cases of congestive cardiac failure complicated by bacterial 
infections, paiticularly if the respiratory tract is involved, the sulfonamide com- 
pounds may be extremely helpful With improvement of the infection, the caidiac 
decompensation lesponds more leadily to rest and to digitalis therapy Under these 
conditions, the accompanying diuiesis often decreases the possibilities foi renal 
complications 

It should be pointed out m closing that the possibilit}- of damage to the luer 
by any of the sulfonamide compounds used in this senes of cases has not been 
excluded by the obserAations presented Such damage may occur under unusual 
conditions, foi example, in patients with specific scnsitneness oi idiosyncrasies, and 
when considerable letention of the drug occurs because of renal insufficienc} or 
because excessive and toxic doses are emplo}ed either accidentally or for special 
purposes 

SUMWMU AND CONCLUSIONS 

The effects of the administration of sulfonamide compounds, paiticulail} sulfa- 
thiazole and sulfadiazine, on the clinical course and hepatic function ha\e been 
studied for 37 patients with \anous tj'pes of damage to the liver 

In the patients w'lth acute hepatitis associated wuth bacterial infections, the 
sulfonamide theiapy v\as almost imariably associated with improvement in hepatic 
function w'hich paralleled the improvement m the underlying infection 

In the patients wnth chionic damage to the liver hepatic dysfunction v\as not 
aggiavated by administiation of sulfathiazole or sulfadiazine Theie was some 
improvement noted as a lesult of such therapy m cases in which bacterial infection 
was adding to the hepatic injury 

Seveie toxic effects of sulfonamide therapy othei than dnect injury to the liver 
w^ere unusually frequent in the patients with portal ciiihosis and weie twice as 
common aftei sulfathiazole as after sulfadiazine 

It is concluded that the presence of damage to the In ci should not be considered 
a contiaindication to therapy with sulfathiazole or sulfadiazine in patients with 
bacteiial infections against which these chugs are effective Sulfadiazine is the 
drug of choice in such cases Caution should be exeicised in the administration of 
sulfonamide compounds to patients wnth sevcie portal (Laennec’s) cirrhosis of 
the livei 

Si\t} -Sixth Sheet at York Aienue, New York 

469 Beacon Street, Boston 

818 Harrison Avenue, Boston 

60 Finland, M , Peterson, O L and Strauss, E Some Uses and Abuses of Chemo- 
therapy in Pneumonia, New England J Med 225 601 (Oct 16) 1941 



RHYTHMIC PROPERTY OF THE HUMAN HEART 


MORRIS H NATHANSON, MD 

LOS ANGELES 

The heait is a contiactile oigan, but it possesses impoilant piopeities aside 
from that of contiactilit} The functions of rhythmicity, conductivit} and in lia- 
bility aie also of fundamental impoitance in cardiac physiolog}^ The clinician’s 
attention is focused mainly on the contractile function of the heait, since the usual 
methods of examination, palpation of the apical impulse, auscultation of caidiac 
sounds and inspection of the heait by the fiuoroscope, aie means b} which this 
propeity of the heait may be investigated Furtheimore, impaiiment of contiactile 
efficiency is the basis foi the most frequent manifestation of heait disease, congcs- 
ti\e heart failure 

Rh3thmicity is the piopeity of stimulus foimation, and since the heait is an 
automatic oigan pioducmg its owm stimulus, it is obvious that this tunction is 
essential m the noimal ph}Siologic piocesses of the heart If the rh}thmic function 
IS so reduced that no stimulus is produced, there is a sudden cessation of activity 
in a heart which may be entnely competent in its contiactile powei This is the 
situation m the caidiac type of s)mcope associated wnth a lij’^peiactne caiotid 
sinus and m the ventiiculai standstill of heart block On the othei hand, there 
may be an mciease in ilntlimicity of ceitain portions of the lieaii This leads 
to the development of ectopic rhythms and is related to the most seiious caidiac 
aiih}thmia, ventriculai fibi illation The mechanism of ventriculai fibi illation is 
not definitel}' established, but there is evidence that the development ot ectopic 
ventriculai foci of ihythmicity plajs an impoitant part in the genesis of this anhyth- 
mia Wiggeis^ has demonstrated that an ectopic ventriculai beat developing 
during a vulneiable phase m the heart cycle will consistently result in ^cntllcular 
fibrillation Ventriculai fibrillation, eitliei occuning spontaneoiisl} oi induced 
expel inientally, is preceded usually by a period of ectopic ventriculai ihythm 
Various drugs which mciease ventricular rhythmicity, such as epinephrine or 
baiium chloiide, will induce ventricular fibi illation when administeied in toxic 
doses or when given wnth othei drugs It has been demonstrated that \entiicular 
fibi illation is the lesult of the s3mergistic action of epinephiine, a drug which 
increases ventricular ihythmicity, and a variety of substances, including chloio- 
foim- barium chloride,® benzene^ and cyclopropane® 

From the Univeisity of Southern Cahfoinia School of Medicine 

1 Wiggers, C J The Afechanism and Nature of Ventricular Fibi illation, Am Heart 
J 20 399, 1940 

2 Levy, A J , and Lewis, T Heart Irregularities Resulting from the Inhalation of Low 
Percentages of Chloroform Vapour, and Their Relationship to Ventricular Fibrillation, Heart 
3 99, 1912 

3 Rothberger, C J, and Winterberg, H Ueber die e\pei imentelle Erzeugung e\tra- 
sistolischer ventnkularer Tach 3 cardia durch Accelleranreizung, Arch f d ges Plnsiol 
142 461, 1911 

4 Nahum, L H, and Hoff, H E The Expeiimental Production of Ventiicular Fibril- 
lation and Its Preiention by P Methyl Acet)d Choline Chloride, Am J Physiol 109 78, 1934 

5 Oith, O S , Leigh, M D , Melhsh, C H, and Stutzman, J W Action of Sjm- 
pathomimetic Amines m Cj clopi opane. Ether and Chloioform Anaesthesia, J Phaimacol & 
Exper Theiap 67 1, 1939 
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It IS deal that while a distuibance in coiitiactile efficiency is the basis foi 
the compaiatively sloiih' developing congestive failme, sudden cessation of cai- 
diac activity is a lesult of a disluihance in the ihylhinic pioperty of the lieait*^ 
Thus, a depression of caidiac ihythinicity leads to caidiac or lentricular standstill 
(hypeiactive caiotid sinus oi heait block), uhile iiici eased ventricular ihythinicity 
piedisposes to ventiiculai fllirillation, which is geneially accepted as the usual 
mechanism of sudden death due to a caidiac condition It is theiefore evident that 
the 1 hythmic pi opei ty of the heai t is of intei est not only' to the pin siologist but to 
the clinician, so that he may have an intelligent approach to the therapy of dis- 
turbances of this function of the my'ocaidium 

The exact natuie of the heait’s mteinal stimulus is unknown, and infoimation 
concerning the factois influencing the rhythmic function is still incomplete Theie 
aie a numbei of theoiies suggesting a ilnthmic deielopmcnt of a chemical oi a 
physical state m the myocaidium as the underlying piocess Ihe stimulus is 
developed m that pait of the heait which is capable of pioducmg these changes 
most lapidly Oidinaiily, this takes place m the sinus node Other portions of 
the specializ-ed tissue can juoduee the stimulus but aie held m abeiance by the 
greatei activity' of the sinus node A \atiet\ of factois can influence the i hythmic 
function, including tempeiatuie, hy'diogen ion concentiation and the piesence oi 
absence of ceitam moiganic salts Paiticulaily as with other properties of the 
heait. the i hythmic function is influenced by the caidiac innenation, the para- 
sympathetic nerves having a depressing action and the sympathetic nei\es a 
stimulating effect 

The piesent lepoit deals with obscivations on the ilnthmic function of the 
human heart as influenced by modification of the caidiac inner\ation The caidiac 
innenation w'as affected in the follow'ing mannei (1) parasympathetic stimulation 
mechanically by pressuie on the caiotid sinus and chemically' by the use of mecholyl 
chloride (acetvlbetamethylchohnc chloiide) and (2) sympathetic stimulation by 
the use of epinephiinc and i elated conijiounds In this lepoit data legaiding 
seveial phases of the subject aic included These consist of (1) the influence of 
age and sex and the piesence of heart disease on caidiac inhibition by' stimulation 
of the vagus neive, (2) the efficiency' of ectopic i hythmic centeis of the human 
heait, (3) the distribution of the caidiac mncr\ation to the rlnthinic foci of the 
heait, (4) the action of drugs on leflex vagal inhibition of the heait and (5) 
the influence of diugs on dejiiesscd and on inci cased ilnthmicity of the human 
heart 

INFLUENCE OF AGE, SEX AND DISEASE ON VAG VL INIIIBniON 

OF THE HEAUT 

In cairying out obseivations on the effect of piessure on the caiotid sinus in 
a laige gioup of subjects ovei a peiiod of yeais it was found that the caidiac 
1 espouse w'as influenced by' seveial factors, including age, sex and piesence oi 
absence of cardiac disease 

Age — Pressure ovei the caiotid sinus usually depresses the heait late slightly' 
or not at all m peisons below' the age of 40 Betw'een 40 and 50 there is an 
increase in the numbei of persons responding and m the intensity of the i espouse 
However, most of the hyperactive reactions in which a caidiac standstill was 
induced W'eie obtained in subjects above the age of 50 In a pievious report* 

6 Nathanson, M H Pathology and Pharmacologi' of Cardiac Sj'ncope and Sudden 
Death, Arch Int Med 58 685 (Oct ) 1936 

7 Nathanson, At H Site of the Exaggeiated Sinus Caroticus Reflex, Proc Soc Exper 
Did & Aled 29 1037, 1932 
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it was deinoiisti atecl that this iiici eased response with iiici eased age ^\as not due 
to scleiosis of the carotid aiteiy in the region of the caiotid sinus but that it 
actually lepiesented an inci eased reactivity of the vagus neive This confiims 
othei obseivations indicating that vagal action inci eases with age A nioie intense 
vagal eftect has been noted in old cats as compared with 5 oung kittens ® In human 
beings after paiahsis of the vagus neive endings with ati opine theie is an inciease 
111 the degiee of pulse acceleiation up to the age of 30 and then a deciease, so 
that in old age there is little or no acceleiation ® Gilbeit 111 human subjects also 
demonstiated an inci eased cardiac response to stimulation of the vagus neive with 
inciease in age, as did Siglei in his studies 

Sex — ^The lesponse of the heait to piessure on the caiotid sinus is much moie 
maiked 111 the male than in the female In the female only a model ate slowing 
of the heait late can be obtained even at advanced ages In a peiiod of five }eais, 
dtiiing which a prolonged cardiac standstill was noted in moie than 100 male 
patients, this hypei active leaction was noted in only 6 females These obseiva- 
tions indicate that in conditions, such as attacks of tachycaidia of supi aventi icular 
origin, in which stimulation of the vagus neive is desirable, an effect uill moie 
likel} be obtained 111 a peison of advanced years and of the male sex 

Pi esence of Coidiac Disease — Before the discovei}^ of the caiotid sinus leflex 
mail)’' studies weie earned out on the effect on the caidiac mechanism ot piessuie 
ovei the sheath of the caiotid aiteiy This pioceduie was mtcipieted as a diicct 
stimulation of the vagus neive, and the studies weie called “vagus piessme 
studies ” Theie is some difference of opinion as to the significance of the raiious 
types of lesponse, but theie aie seveial lepoits m the hteiatuie suggesting that a 
hypei active caidiomhibitoiy 1 espouse to piessure over the caiotid sinus is fie- 
quently associated with coronal y disease Biaun and Saniet showed that the 
effect of stimulation of the vagus neive w'-as markedly inci eased in cals wdien 
blanches of the left coronary arteiy s3^stem particulaily weie ligated The\ con- 
cluded that damage to ventricular musculatuie iiici eases the iiritabiliti of the 
vagus nerve More lecently, Siglei concluded that coronaiy disease is the 
condition in which the leflex occuis with the greatest fiequency and the highest 
degiee of 1 espouse Eaily 111 my experience the gieat fiequency of a hj^pei active 
lesponse in peisons wnth coionaiy disease was noted Of the fiist 40 subjects in 
wdiom a caidiac standstill was induced by pressuie ovei the caiotid sinus, theie 
was evidence of coionaiy disease of the anginal type 111 34 Of patients having 
coionaiy disease with angina, a hyperactive response was obtained m about one 
thud In the leniainmg two thuds the 1 espouse w^as no moie intense than ma} 
be obtained in normal subjects of the same ages In young subjects and in 
temales in wdiom a hypei active 1 espouse was obtained the incidence of coionary 

8 Albutt, T C Diseases of the Arteries and Angina Pectoris, Lonaon, yiacmillan & 
Co , 1915 

9 Cushny, A R Textbook of Phaimacology and Therapeutics, Philadelphia, Lea & 
Febiger, 1918 

10 Gilbert, N C The Increase of Ceitain Vagal Effects rvith Increased Age, Aich Int 
Med 31 423 (March) 1923 

11 Sigler, L H Clinical Obseivations on the Caiotid Sinus Reflex, Am J :M Sc 186 
118, 1933 

12 Wenckebach, K F, and Winteiberg, H Die unregelmassige Herztatigkeit, Leipzig, 
Wilhelm Engelmann, 1927, p 128 

13 Braun, L, and Saniet, B Vagusdruck und Koronai gefass, Deutsches Arch f klin 
lied 161 257, 1928 

14 Sigler, L H Hyperactne Cai dioinhibitor}’’ Carotid Sinus Reflex, Arch Int Iiled 
67 177 (Jan) 1941 



<516 


ARCHIVES OF INTERNAL MEDICINE 


<iisease was especially high Siglei staled that the moie se\cie the coionary 
disease, the moie apt the reflex is to occui and the gieatei is its degiee In 
expel lence there did not appeal to be any coi relation betiieen the seventy of the 
disease and the piesence oi intensiy of the icflex A h\ pci active i espouse was 
frequently noted m instances of mildei disease and a negatne leaction obseived 
in cases of moie seveie disease liowevei, I agree vith Siglei that a hypei active 
reaction may be an aid in making a diagnosis ot cnionan disease in peisons 
vith suggestive signs and symptoms 

crriciExcy or ectopic i<ii\riiMic centirs 

It IS well knovn that aftci the noimal ilnthmic ccntJi ol the hcait the sinus 
node, IS temporarily oi peimanently eliminated, the heait will continue to beat, 
since new ihythmic centcis become active EnsIci and i\Ieck'^ haTC showm that 
extiipation ot the sinus node is followed b} a ilnthm arising cither in the mam 
poition of the auriculo\entiiculai node oi in an extension of this node around 
the mouth of the coionai} tcui Cohn, Kcssel and !Mason after lemoving the 
sinus node m dogs, observed a tiansitoiy standstill of the heart, the duration 
varying fiom four seconds to three minutes, the intcnal being less than thut\ 
seconds m most instances The pciiod of standstill icpiesents the lime icquired 
foi some othei portion of the heart to assume the ]>aecmnkmg function This 
laiiation m the time neccs^aiy foi ectopic centcis to lunction indicates a con- 
sideiablc Taiialion in the ihythmic cfflciency of ectopic centers m difterent ani- 
mals This t}pe of expel imcnl can be performed on mam human subjects, since 
it IS possible to eliminate the sinus node foi iclatuel} long peiiods b} pressure on 
the caiotid sinus 

In a senes of electiocardiogiaphic studies on cldeih male subjects dining 
application of piessuie ovei the caiotid sinus a Inpeiactne response w’as obtained 
m 34 subjects After piessure ovei the caiotid sinus the heait was deprived of 
its normal pacemaker for mtcrials vaiiing fiom fi\c to fifteen seconds In 6 
instances the elimination of the normal paccmakci was followed promptly by an 
ectopic rh}thm of ventiicular origin (fig l/I), so that a caidiac arrest did not 
OCCUI In 25 subjects a piolonged cardiac standstill was induced, as there was 
no spontaneous tendenc) for ectopic centers to become actn e dm mg the period of 
inactivity of the sinus node ffig 175 and C) In most instances lepeated pei- 
foimance of the experiment yielded a consistent response In 3 subjects the leac- 
tion was vaiiable, resulting in a caidiac standstill on one occasion and in a 
lentiiculai ihythm on lepetition of the experiment These obser\ations indicate 
that theie is a variation in different subjects in the rhythmic activity of ectopic 
centeis and m most peisons a i datively low’^ efficiency of sccondar)’' rhythmic cen- 
ters m the heait This, undoubtedl), accounts foi the vaiiable leaction which 
follows a tiansition fiom noimal ihylhm to heait block In those persons in 
whom the Adams-Stokes syndiomc (ventiiculai stoppage) appears the ihythmic 
efficienc} of the ventnculai centeis is low'^ and a lentncular arrest precedes the 
development of ihythmic activitj^ of the ventnculai centeis In those persons in 
wdiom thei e is no venti iculai standstill the i hj tlimic eflicicnc} of the i enti iculai 
centeis is such that they become actne almost mimediatel} aftei the Tentiicles aie 
deprived of the stimulus fiom the auricles 

15 Eystei, T A E, and Meek, W J Studies on the Oiigin and Conduction of the 
Cardiac Impulse, Am J Phj'siol 61 117, 1922 

16 Cohn A E Kessel, L, and Mason, H H Obseriations on the Function of the 
Smo-Auriculai Node in the Dog, Heart 2 311, 1912 
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DISTRIBUTION OF THE CARDIAC INNER! ATION TO RHYTHMIC 

FOCI OF THE HEART 

The influence of the vagus and the sMUpathetic nenes is not exeitcd cqualh 
•on diifeient portions of the heait The sinus node is piedominantly undei the 
influence of the vagus nerve, although sympathetic fibei s supply the node 
Inci eases in heart late due to exeicise oi to emotional excitement aie a lesult 
primarily of lessening of vagal tone, rathei than of an inciease in sympathetic 
-actnit} The statement is geneially made that the vagus neives exert then influ- 
ence piedominantly on the amides, \\hile the sjmpathetic neives exeit their effect 
mainly on the ventiicles Physiologic studies on expeiimental animals indicate 
a variation in different species and in diffeient animals of the same species This 
\ariation m i espouse has to do chiefly with the effect of the !agus nene on the 
!entricles, and the lepoits aie not entnely in agieement Lewis stated that m 
dogs m which the am iculoventi icular bundle has been destioyed “a vagal influence 
on the ventncle is neither poweiful nor invariable, while the sympathetics seem 
to possess a definite influence” Puddu,^® however, concluded that the \entiiculai 
rate of dogs having complete heart block could be slowed by stimulation of the 



' 


Fig l—A, pressuie on the carotid sinus (arrow) eliminates the sinus node, and a slow 
rhj thm arising from an ectopic ventricular focus appears at A B and C form a continuous 
strip showing a standstill of fifteen seconds induced by pressure on the carotid sinus There 
IS no tendency for ectopic rhythmic foci to become active Cardiac activity is resumed onh 
when the sinus node again functions 

vagus nerve Lewis also stated that while the vagus neive has an influence on 
the fibnllating amide, there is no effect on the fibiillating ventncle Garrey and 
Bass""* concluded that the ventncle of the fiog is supplied with fibei s fiom the 
vagus nerve, while that of the tmtle is not The sinus and atiia of both anima s 

are abundantly supplied with inhibitoiy fibei s 

Technical difficulties have prevented anatomists fiom drawing accuiate con- 
clusions as to the distribution of the caidiac innenation Recenth, Xonidez 
using a special histologic technic gave a detailed account ot the distiibution of the 
cardiac nerves in dogs The pai asympathetic fibei s can be tiaced to then tei- 

17 Lewis, T The Mechanism and Giaphic Registiation of the Heart Beat, London, Shan 
& Sons, 1925 

18 Puddu, V Conceining the Action of Cardiac Xenes, .\rch f d ges Phisiul 2o8 
467, 1927 

19 Garrey, W E, and Bass, G Eftect of Acetjlchohne on Progs Ventncle, Am J 
Phjsiol 119 314, 1937 

20 Nonidez, J F Studies on Innenation of the Heart, A.m J Anat 65 361 1939 
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minations in the auiicles, the bulk of these fibers ending in stiuctures above the 
coronaiy sulcus The sympathetic nei\es aie distributed as follows The supeiior 
sympathetic neive does not leach the hcait proper, ending m the walls of the 
large aiteries The middle cardios} mpathctic ncive is the largest one m the dog, 
supplying chiefly the ventiicles The infeiioi sympathetic nerve, when piesent, 
cairies afleient fibeis liom vaiious paits of the heail 

In the piesent studies data legaidmg the innervation of the human heart 
weie obtained fiom the following obscivations (1) the effect of piessurc on the 
caiotid sinus on ectopic beats aiising in the auricles and ventricles, (2) the eftect 
of piessure on the caiotid sinus on the aunculai and the vcntiicular late in com- 
plete heait block, and (3) the eftect of s\ mpathctic stimulation (epincphnne) on 
cai diac i h} thmicity 



Fig 2 — B and C, electrocardiograms made on 1 patient 4, consistent rh\thni in tins- 
patient, CNcles of two normal beats followed a lentnciilar e^tras^ stole (A*) B, the effect 
of pressure on the right carotid sinus (airow), followed m C h\ the abolition of the extra- 
s> stoles D, consistent rlivthm m another patient, c\cles of font normal beats followed by 
\entricular c\tras^ stole E, an electrocardiogram made on the patient in D, showing the 
short standstill induced b\ pressure on the carotid sinus followed immediately bj a return 
of the prcMOus rluthm B, coupled beats of auricular origin G, a short standstill induced 
by pressure on the right carotid sinus (arrow) followed in H b\ elimination of the arrlnthmia 

EFFECT ur PRESSURE ON THE CAROTID SINUS ON ECTOPIC RHYTHMS 

Subjects avere selected in whom a definite cdidioinhibitoi}' effect could be 
demonstrated by piessuie on the caiotid sinus during the peiiod of normal rhythm 
and in whom ectopic beats occuiied Only those peisons w^eie studied in whom 
the ectopic beats appealed fiequentlv and wuth definite consistenc)^ Of 25 sub- 
jects m whom the ectojiic beats weie ventiicular m origin, piessure on the caiotid 
sinus eliminated the ectojiic beats m 5 (fig 2 A, B and C) In the remaining 
20 the ventiiculai extiasa stoles weie not influenced (fig 2D and E) In 4 
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subjects in whom the ectopic beats oiiginated in the auiicle, piessuie on the 
caiotid sinus eliminated the ectopic beats (fig 2F, G and H) 

EFFECT or PRESSURE OK THE CAROTID SINES ON niE R \TI S OE THE 
AURICLES AND THE VENTRICLES IN COMPLETE HEART BLOCK 

It is usual]} Stated that the ventriculai rate m complete heait block is unaf- 
fected by such stimuli as increased activity and emotional excitement, indicating 
that the idioventnculai center is much less undei neixous cuntiol than is the sinus 
node Puddu,'*’ howevei, concluded that stimulation ot the Aagus neive slowed 
the ventiiculai late in experimental heait block in dog'. He attributed this 
eftect to a transmission of the cholmeigic mateiial libeiated in the auiicles Cullis 
and Tribe demonstrated that sympathetic stimulation iiici eases both the auricu- 
lar and the ventiiculai rate m experimental heait block but that paias}mpathetic 
stimulation did not influence the ventiicles Gilchiist-- contluded tiiat m human 
beings the ventiicles in heait block are influenced by actnit} and induced pyiexia 
and that the ventriculai late may be inci eased b} ati opine and epinephiine 

In the piesent study the effects of reflex stimulation oi the lagus nene weie 
obseived in 6 patients uho had complete auiiculoventiiculai dissociation The 

Effect of Ptcswic on the CaioUd Sinus on the Aunculai and l!u J entntuhii Rate 

in Complete Heait Block 
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results have been tabulated (see table) In each case piessuie on tlie caiotid 
sinus resulted m a definite slowing of the aunculai late Piessine on the light 
■caiotid sinus was followed by a gieatei effect on the aunculai late m 3 ol the 4 
patients in whom both caiotid sinuses weie compiessed In 1 patient (M P ) 
pressure on the left carotid sinus resulted in the moie intense aunculai inhibition 
In none of the 6 patients did piessuie on the light caiotid sinus eflect the 
ventiicular late In 3 of the 4 patients in whom both carotid sinuses veie com- 
piessed theie was no effect on ventiiculai late aftei piessuie of the left caiotid 
sinus, while in 1 patient (H K ) theie nas a slowing of the lentiiculai lale fiom 
33 to 30 beats per minute (fig 3) This group of patients hawng two pacemakers 
woikmg independently permits the study of the influence of paras}mpathetic 
stimulation on each pacemaker The lesults suppoit the concept that while the 
sinus node is profoundly influenced by paiasympathetic stimulation, theie is little 

01 no effect on idioventnculai centers in the human heait Tins does not conclu- 
sively piove the absence of parasympathetic fibeis to lentiiculai foci It is pos- 
sible that the degenerative lesion causing the heait block ma) also include the 

21 Culhs, W E, and Tribe, E M Distribution of Xei\es in the Ilcait T PIumoI 
46 141, 1913 

22 Gilchrist, A R The Action of Ati opine in Complete Heait Block, Quart T iled 

2 483, 1933, The Effect of Bodily Rest, Muscular Actnitr and Induced P\re\!a m Com- 
plete Heart Block, ibid 3 381, 1934 
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paias}mpathetic nene endings, accounting for the lack of response to reflex 
stimulation of the vagus neive 

EFFECT or SYMPATHETIC STIMULATION ON CARDIAC RIIYTIIMICITY 

It has repeatedly been shovn that the ih}thmic propeit} of the heart may be 
distuibed by stimulation of the sjmpathetic nerves In previous studies® it was 
found possible consistently to induce cardiac iriegulanties in human subjects by 
the admimstiation of 0 1 mg of epinephrine hydiochloride intravenousl} The 
onset of the airhjthmia occuiied within one minute after the administration of 
the diug, and the eflect vas usually completed within four oi five minutes In 
every case the ectopic ihythm induced was predominantly \entriculai in origin 
In some subjects an occasional aiiriculai ectopic beat was noted as the eftect of 
the diug was subsiding At the height of the reaction the ectopic beats were 
entirelj Acntiiculai in origin 

The combined eftect ot pai as} mpathetic and sympathetic stimulation on the 
rh) tlimic propert) of the heart has also been studied Rothlierger and inter- 
beig® demonstiated m dogs that stimulation of the right ^agus neiwe depressed 
the sinus node, lesulting in a cardiac standstill If at the same time the left 



Fig 3 — A, complete heart block, auricular rate 64 and \entriciilar rate 33 B, the eftect 
of pressure on the right carotid sinus, reduction of the auricular rate to 33 and no change in 
the eentncular rate C, the effect of pressure on the left carotid sinus, reduction of the 
auiicular late to 36 and the ventricular rate to 30 

sympathetic neive was stimulated, the standstill was pie\cnted by the develop- 
ment of new ihjthmic centeis m the ventiicles I have earned out similar studies 
on human subjects 

Epmephime and i elated compounds were administeied to a laige number of 
subjects in whom a caidiac standstill could be induced by pressure on the carotid 
sinus, and the pressure on the carotid sinus was repeated In only an occasional 
instance was the standstill abolished by the restoration of the function of the 
sinus node In most cases the standstill was abolished by the development of 
beats from a ventnculai centei (fig 4) As an illustiation, p-hydroxy-a-methyl- 
phenylamine hydi obromide (parednne hydrobromide) — a sympathomimetic amine 
— ^was administered to 14 subjects in w'hom a cardiac standstill could be induced 
In 7 instances the standstill w’^as abolished by the development of a rhythm aiising 
in or near the auriculoventnculai node In 3 subjects lower ventricular centers 
became active In 1 subject the rhythm consisted of beats arising from the sinus 

23 Nathanson, kl H Eftect of Drugs on Cardiac Standstill Induced by Pressure on 
the Carotid Sinus, Arch Int Med 51 387 (March) 1933 , Further Obsen^ations on the Effect 
of Diugs on Induced Cardiac Standstill, ibid 54 111 (July) 1934 
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action or DRUGS ON RCrLLX VAGAL INHIBITION OF niE HEART 

The action of dings which act on the vagus nerve vas studied In 5 subjects 
in whom a prolonged caidiac standstill could be induced b} picssuie on the 
caiotid sinus the administration of ati opine sulfate, 2 mg subcutaneousl) , abolished 
the eftect (fig 5) A compaiison of figures 5 and 7 demonstiates the difteience 
in the action of ati opine and cpinephnne Both diugs abolish the standstill 
Ati opine, howevei meiely paialy/es the caiotid sinus leflex, and piessuie on the 
carotid sinus does not pioduce any effect Aftci medication vith epinephrine the 
reflex continues to function, eliminating the sinus node, but the standstill is 
abolished b}^ the development of a ihjlhm fiom a new pacemakei 

The eftect of digitalis was obseivcd in many subjects Although not entirely 
consistent an mciease in the cardiac inhibition has been the usual reaction It 
w'as noted fiequenth that m peisons who do not show any i espouse to piessure 
on the caiotid sinus a definite leaction will follow digitalization The results 
have not been sufficient!} consistent to permit tbc use of the caiotid sinus reaction 
as an accuiate indication of digitali/ation Ilowe\cr. m mam instances adequate 
digitalization was associated wuth a definite mciease in the lesponse to piessuie 



Fig 5 (patient H B, lead II) — 4 a control electrocardiogram made befoic pressure was 
applied to the carotid sinus B, cardiac standstill induced b\ pressure on the right carotid 
sinus (arrow) The intcr\al R~R is se^cn and two-tenths seconds C, the abolition of the 
reflex aftei the administration of 2 mg of atropine sulfate 

on the caiotid sinus In 1 peison Imung a hjpeiaclnc reaction the maximum 
peiiod of standstill which could be induced on man} tiials was nine seconds After 
digitalization a standstill of fifteen seconds followed piessuie on the carotid sinus 
The admmistiation of quinidine to subjects showing a hypciactne response 
w^as apj:)i cached w'lth caution Since it has been show-n that the drug depi esses 
the m}ocardium and retaids the late of the sinus node in dogs.-’^ it seemed possible 
that this might lead to a fuithei delay m the letiiin to actuily of the sinus node 
lesulting m a seiiously pioloiiged caidiac aiiest The diug was thus administeied 
in small and inci easing doses The rathei unexpected i espouse aftei jnci easing 
the amount of quinidine sulfate to 2 Gm in divided doses was a definite lessening 
of the vagus effect, so that the standstill w'as abolished (fig 6) The explanation 
of this leaction was clear fiom the woik of Lewns and his associates,-^ who dem- 
onstiated that in addition to the diiect eftect on the mjocaidium quinidine pos- 
sesses a definite vagoparetic action Dale show'-ed that eftect of the vagus 

24 Lewus, T , Drury, A N , Ihescu, C C , and W edd, A M Observations Relating to 
the Action of Quinidine on the Dog’s Heart, Heart 9 55, 1921 

25 Dale, H H Note on the Re\ersal of Vagus Action b^ Quinidine as Seen in the 
Heait of the Cat, Heait 9 87, 1921 
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nerve on the sinus node was not only eliminated by qumidme but that a reversal 
of the action of this nerve was obtained, with an acceleiation of the sinus late 
The vagoparetic effect of quinidme undoubtedly accounts for its failuie to be 
effective in slowing the sinus rate in simple tachycaidia This antagonism between 
the actions of quinidme and stimulation of the vagus neive is of practical impor- 
tance in the therapy of attacks of ectopic tachycardia If quinidme is administeied 
first and fails to tei inmate an attack, stimulation of the vagus neive attempted 
subsequenly eithei mechanically or chemically will undoubtedly be ineftectual 
If both therapeutic proceduies are considered, it is appaient that stimulation of 
the vagus nerve should be attempted before qumidme is administeied 

ACTION OF DRUGS ON CARDIAC RHYTHMICITY 

Pharmacologic studies dealing with the influence of diugs on the rhythmic 
propel ty of the heart are i datively few and aie limited chiefly to laboratory studies 
on expel imental animals In view of vaiiations in the leaction m diffeient animal 
species, studies of the response of the human heait aie of particular interest 
Obseivations weie cairied out on the action of diugs on a state of depressed 
rhythmicity (induced by piessure on the caiotid sinus) and mci eased ihythmicity 



Fig 6 - — Aj a standstill of nine seconds induced by pressure on the carotid sinus (arrow) 
B, the effect of pressure on the caiotid sinus (arrow) after tlie administration of 2 Gm of 
quinidme sulfate m divided doses 

(induced by intravenous injection of epinephrine) in a group of human subjects 
A sunynary of these observations follows 

Effect of Drugs on Depressed Caidrac Rhythmicity — ^The technic of these 
experiments was simple Subjects, usually elderly men, weie selected in whom a 
prolonged cardiac standstill could be induced consistently by pressure on the 
carotid sinus After a control electrocardiogi am was taken showing the induced 
standstill, the drug to be studied was administered and the procedure repeated at 
suitable intervals^® If a diug had no influence in increasing i hjdhmicity, the 
cardiac standstill was not affected If a drug was effective, the cardiac standstill 
was abolished by the development of a rhythmic focus The drugs selected for 
study were compounds which have been lecommended m the therapy of cardiac 
standstill These included epinephrine hydi ochloride, ephedrine sulfate, barium 
chloride, calcium gluconate, digitalis, cafteine, nikethamide (a 25 per cent solution 
of pyridine betacarboxylic acid diethylamide), metrazol and thyroxin 

Of this group. It was found that the caidiac standstill could be consistently 
induced after the administi ation of barium chloride, calcium gluconate, digitalis, 
caffeine, nikethamide, metrazol and thyroxin, indicating that these drugs had no 
stimulating effect on cardiac ihythmicity After epinephrine and ephedrine the 
cardiac standstill Avas consistently abolished, usuallj by the de\elopment of a new 
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rhythmic focus m the ventricles (fig 7) A group of compounds related to 
epinephrine was then studied This included ephednne sulfate, dextroepmephrine 
bitartrate, cobefrme, adrenalone, epmme, synephrm taitrate, neo-synephrin hydro- 
chloride, tiyamine sulfate, hordemne sulfate, phenylethanolamme sulfate and 
paredrme hydrobromide It was found that all of these compounds (sym- 
pathomimetic amines) increased cardiac rhythmicity leading to the prevention 
of abolition of cardiac standstill Epinephrine was the most effective substance 
and paredrme the most active stable and orally active compound These obser- 
vations indicate that increase m the rhythmic property of the heart m those 
states in which this function is depressed or absent can be obtained only by drugs 
which have a specific phai macodynamic action, that of stimulation of the sympa- 
thetic inneivation of the heart Drugs which do not possess this action are not 
effective and are not indicated in the treatment or pievention of caidiac standstill 

ACTION or DRUGS ON INCRCASCD CARDIAC RHYTHMICITY 

The rhythmic property of the heart was mci eased by the intravenous adminis- 
tration of epinephrine As mentioned before, this procedure raises ventricular 
ihythmicit}^ so that for a time the normal rhythm is almost entirely replaced 



Fig 7 (patient H B , lead II) — A, a control electrocardiogram made before pressure was 
applied to tlie carotid sinus B, a standstill induced by pressure on tlie carotid sinus The 
interval R-R is seven and five-tenths seconds C, the effect of pressure on the carotid sinus 
after the administration of epinephrine hj drocliloridc, 1 mg subcutaneously The standstill 
IS abolished by the development of an idioventricular rhjthm These tracings were tmade on 
the same patient as those shown in figure 5, and the differences in the effect of atropine and 
of epinephrine are to be noted 

by beats originating in the ventricles The experiments were carried out m the 
following manner A control electrocaidiogram w'as made and epinephrine hydro- 
chloride, 0 1 mg , was injected intravenously A continuous electrocardiogram 
was then made until the reaction subsided Those subjects in whom frequent 
ventricular extrasystoles developed w'ere used for further study Several drugs 
were administered to these subjects, and at a suitable time the same dose of 
epinephrine was repeated After the administration of ergotamine, potassium 
acetate and sodium amytal ventricular rhythms were induced by epinephrine 
similar to those observed prior to the administration of the drug The reaction 
was modified m 10 subjects after the oral administration of quinidme sulfate, 
1 to 2 Gm , in divided doses In 8 instances the second administration of 
epinephrine did not induce extrasystolic rhythms, and in 2 subjects only an occa- 
sional ventricular extrasystole appeared 

It seemed important to investigate tlie effect of parasympathetic stimulation 
on increased cardiac rhythmicity Mecholyl chloride was administered to 6 sub- 
jects in whom ventricular rhythms could be induced by epinephrine The dose 
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of mecholyl chloride was 20 mg injected subcutaneously The second dose of 
epmephiine was administered five minutes later In 5 of 6 subjects the ventiicular 
ihythm was almost completely prevented after the administration of the mecholyl 
chloride (fig 8) These observations are of interest since they indicate that a 
structure which leceives little or no parasympathetic innervation (the human 
ventricle) is affected by a cholinergic substance Garrey and Bass^° concluded 
that acetylcholine has no influence on structures which do not leceive paras}mpa- 
thetic innervation However, Nahum and Hoff^ prevented experimental ven- 
tricular fibrillation with mecholyl chloride, and these observers also suppressed 
ventricular rhythms induced in cats by epinephrine hydrochloride with this drug 
Starr studied the effect of mecholyl chloride m only 1 patient having frequent 
ventiicular extrasystoles, and the ectopic beats were greatly diminished in fre- 
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Fig 8 — Aj a control electrocardiogram made before tlie administration of epinephrine 
hydrochloride, 01 mg intravenously B through F, tracings made after medication witli 
epinephrine hydrochloride. Ectopic ventricular beats from multiple foci appear in C, D and E. 
G, a control electrocardiogram made on the same patient before the administration of mecholyl 
chloride and epinephrine hydrochloiide H, tracing made after the administration of 20 mg 
of mecholyl chloride I, J and K, absence of ectopic beats after the administration of 0 1 mg of 
epinephrine hydrochloride intravenously 


quency Although mecholyl has been suggested in the treatment of ectopic 
rhythms arising from a supraventricular focus, these observations suggest that 
It does have an influence on ventricular rhythmic foci 

26 Hoff, H E , and Nahum, L H The Role of Adrenaline in the Production of Ven- 
tricular Rhythms and Their Suppression by Acetyl-^-Methylcholine Chloride, J Pharmacol 
& Exper Therap 52 235, 1934 

27 Starr, I , Jr Acetyl-/S-Methj Icholine IV Further Studies of Its Action in Paroxys- 
mal Tachycardia and in Certain Other Disturbances of Cardiac Rhythm, Am J M Sc 191; 
210, 1936 
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SUMMARY 

The clinical impoitance of the rhythmic propel ty of the heart is emphasized 
Physiologic and pharmacologic studies are leported on the rhythmic function 
of the human heart, earned out by modifying the cardiac innervation m the 
following manner (1) paiasympathetic stimulation by piessure on the carotid 
sinus 01 administration of mecholyl chloride, and (2) sympathetic stimulation 
by the administration of epinephrine and related compounds 

Reduction m caidiac rhythmicity by parasympathetic stimulation is more 
maiked in males and in persons of advanced age A hyperactive vagal inhibition 
of the heait is fiequent in patients having coronaiy disease 

Studying peisons in whom the sinus node can lie eliminated for compaiatively 
long peiiods leads to the conclusion that the ih}thmic efficiency of ectopic centers 
of the human heait is low 

Paiasympathetic neives suppl} mainly ihythmic foci in the auricles, although 
the ventricles are influenced in some persons by paiasympathetic stimulation 
Sympathetic stimulation increases the actnity predominantly of ventricular foci 
Digitalis inci eases leflex vagal inhibition of the heart m man} persons 
Ati opine and qumidine have a \agoparetic action 

In states of depression oi absence of the rhythmic function (cardiac or ven- 
tiiculai standstill) the onl} dings \\hich cffcctncly increase caicliac rhythmicity 
aie those which stimulate the sjmpathctic inncivation (sjmpathomimetic amines) 
Qumidine and mecholyl chloride tend to suppiess the increased ventricular 
ihythmicit} induced by epinephimc 

658 South Bonnie Brae Avenue 
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Within the past fifteen years lipoid pneumonia has been lepeatedly leported 
m the literature In almost every reported instance the diagnosis was a pathologic 
one made on autopsy material In an occasional case the diagnosis was suggested 
by the history and the clinical findings, and the subsequent impiovement followed 
discontinuance of the use of various oral and nasal oils ^ In rare instances oil 
droplets have been visualized bronchoscopically and the diagnosis made in that 
way It occuried to us that biopsy of material aspirated from the lungs, a pro- 
cedure now in use in the study of obscme pulmonary and mediastinal lesions, 
would be of value, and we were successful in corroborating the suggested roent- 
genographic diagnosis of lipoid pneumonia in 5 of 10 cases examined in this way 
As fai as we can determine, this is the first report of lipoid pneumonia demon- 
strated by aspiration biopsy 

REPORT OF CASES 

Case 1 — G B, a white man aged 82, when admitted to this hospital on Jub 28, 1941 
had a history of rheumatoid arthritis of thirty years’ duration The history was obtained 
from the daughter, as the patient was hard of hearing Swelling of joints and pam in both 
large and small joints marked the beginning of the disease The course was that of chronic 
progressive atrophic arthritis involving gradually first the small joints and then the larger 
ones, including the vertebral joints The patient became increasingly rigid, and during the 
last five years was in a wheel chair or confined to bed He was treated with large doses 
of morphine sulfate for pain After admission, the doses of morphine sulfate were graduallj 
decreased, and finally the analgesic was given only sporadically This patient was given 
liquid petrolatum, 1 ounce (30 cc ) daily, from the time of admission On July 8, 1942 he 
had an episode of coughing with slight dyspnea and had a temperature as high as 103 F 
Clinically, subcrepitant rales were heard over both bases of the lungs, but there was no 
dulness The roentgen examination revealed infiltration of the lower lobes of both lungs, 
most evident in the mesial and basal portions of the lower lobe of the right lung Exten- 
sive productive and fibrotic changes were present throughout the lower halves of both pul- 
monary fields The pathologic observations impressed us as indicating bilateral bronciio- 
pneumonia superimposed on chronic pulmonary interstitial fibrosis (fig 1 A) 

The patient was treated with sulfathiazole (2-[paraaminobenzencsulfonamido]-thia7ole) and 
improved rapidly Three weeks later he again had fever, cyanosis and cough Tlierc vas 
slight dulness with indefinite rales at both pulmonary bases A roentgen studj made at this 
time was not entirely satisfactory but showed no change from the previous studj Again 
sulfathiazole was given, and the patient improved after several daj^s One month latei, in 
the course of our investigation of patients receiving liquid petrolatum, another roentgen studj 
revealed findings identical with those of the original study The observations now impressed 

From the departments of pathology and roentgenology of the Jewish Sanitarium and 
Hospital foi Chronic Diseases 

1 Tchekoff, I G , and Ornstein, G G Bronchopulmonary Disease Attributed to the Use 
of Intranasal Instillation of Oily Substances, Quart Bull , Sea View Hosp 1 139-160 (Jan ) 
1936 Greenvvald, H M , Nathanson, L, and Steiner, lil Chronic Pneumonia Associated with 
Nutritional Disturbances in Infants, Am T Roentgenol 35 454-467 (April) 1936 
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us as indicating low grade chronic pneumonic infiltration, and the possibility of hpoid pneu- 
monia was suggested A subsequent aspiration biopsy confirmed the diagnosis of lipoid 
pneumonia (figs 2 and 3) 

The pneumonic lesion in case 1 was first demonstrated during the acute respira- 
tory infection and persisted after the temperature subsided The lesion was again 
demonstrated on the loutine follow-up of patients’ receiving laige quantities of 
liquid petrolatum It was then our impression that this patient had undeigone 
an infection of the upper respiratory tract which did not alter the roentgen findings 
that were present at the first study 



Fig 1 — A, infiltration of the lower lobes of both lungs m case 1 The infiltration is most 

intense in the mesial and basal portion of the lower lobe of the right lung Note the diffuse 

fibrosis B, consolidation of the lower lobes of both lungs in case 2, most dense in the mesial 
portions of the lung fields C, essentially normal bronchi , shown by passn e bronchoscopy in 
case 2 

Case 2 — S W , a 58 year old man, was admitted to this hospital on Sept 11, 1931 
Six weeks prior to his admission he had suffered cerebral thrombosis resulting in left 
hemiplegia Prior thereto the patient had apparently been in good health Until Feb 19, 
1940 he was ambulatory On that day he experienced cerebral thrombosis resulting m 
paresis of the right side with aphasia The picture was that of pseudobulbar palsy There 

was great difficulty in swallowing, and his speech was dysarthric The patient had been 

receiving liquid petrolatum since 1935, when he complained of constipation following acute 
enteritis with diarrhea He received about 1 ounce (30 cc ) of liquid petrolatum two to 
three times weekly for about thice j^ears Since the second cerebral episode (February 1940) 
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Fig 3 — A, single lipophagic cell Note the fine subdivisions of the phagocytosed oi 
droplets B, stage of disintegration of macrophages C, meshwork of fibrotic tissue with 
entrapped oil droplets Formation of giant cells can also be seen 
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Case 3 — J P , a 57 yeai old white woman, was admitted to the hospital on Nov 30, 
1937 About eleven years prior to admission it was accidentally dlsco^ered tliat she had 
hypertension She had been in fairly good health, complaining only of occasional dimness 
Six weeks prior to admission she had a cerebral episode resulting m left hemiplegia Speech 
returned almost completely within two weeks On admission to this hospital, redundant 
colon and secondary megacolon were diagnosed The patient was given liquid petrolatum, 
1 ounce (30 cc ) daily A routine roentgen examination of the chest at that time (Dec 16, 
1937) gave entirely negative results (fig 4 A) The patient was bedridden at all times 
During her stay there were many episodes of fecal impaction, and oil enemas had to be 
given and manual extraction resorted to To prevent impaction, many cathartics in addition 
to liquid petrolatum were given The patient was dull mentally, but her speech was normal 
and the ninth and tenth cranial nerves were intact A routine roentgen examination made 
Dec 14, 1942 showed irregular coalescence and patchy infiltration of the lower lobes of both 
lungs The lesions on both sides w'ere extensive (fig 4 B) 



Fig 4 — A, normal chest of the patient in case 3 on Dec 16, 1937 B, chest of the same 
patient on Dec 14, 1942 Note the dense mottled consolidation involving the lower lobes oi 
both lungs, particularly evident in their mesial portions C, irregular infiltration involving 
the basal poition of the lower lobe of the right lung in case 4 The infiltration is particularly 
intense in the mesial and supradiaphragmatic portions D, dense infiltration adjacent to the 
border of the heart and patchy infiltration, fibrotic in character, extending through the lower 
lobe of the right lung in case 5 

In case 3 we weie able to follow the patient roentgenogi aphically for a period 
of five years The original i oentgenographic study of the chest revealed no abnor- 
mality The final one, made duiing a routine examination of patients receiving 
consideiable quantities of liquid petrolatum, showed the pathologic roentgenographic 
features described There weie no clinical s}mploms or physical signs referable 
to the chest A diagnosis of lipoid pneumonia vv^as suggested from the roentgen 
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studies, and an aspiration biopsy levealed typical vacuolated cells in great masses, 
patched togethei A small amount of fibrosed pulmonary tissue could also be seen 
on the smears 

Case 4 — S A, a white woman aged 58, w’as admitted to this hospital in Alay 1934 
Five years prior to admission she had been operated on for disease of the gallbladder, 
three years later she was operated on because of adhesions During the last ten years she 
had suffered from frequent attacks of asthma and of paro\ 3 smal tachycardia A diagnosis 
was made of coronary sclerosis, hypertensive heart disease and postoperative adhesions The 
patient had received 1 ounce (30 cc ) of liquid petrolatum daily since 1934 Many indefimte 
lales were heard at the bases of the lungs, but there was no dulness During the asthmatic 
attack many musical rales were audible throughout both lungs Signs of cardiac decompen- 
sation were not present A roentgcnographic study of the chest m April 1938 show'ed no 
abnormality A study of the chest made Nov 13, 1942 (fig AC) during a routine investiga- 
tion of patients receiving liquid petrolatum over a period of time showed a dense irregular 
infiltrative lesion involving particularly the mesial portion of the lower lobe of the right lung 
and the most dependent portion of the right lung above the diaphragm Because of the 
negative pulmonary history and the negligible phjsical signs, the diagnosis of low grade 
aspiration pneumonia, possibly of a lipoid tvpe, was suggested Repeated biopsies revealed the 
typical cells of lipoid pneumonia in various stages 

Although the loentgen studies and the aspiiation biopsy clearly indicated the 
piesence of lipoid pneumonia, the patient was entnely symptom free except for 
long-standing asthma The physical findings w'crc those attributable to the asthma 

Case S — B S, a white vv'oman aged 66, was admitted to this hospital in October 1941 
She gave a historj of hyiicrtcnsion oi long standing In 1916 she had Bell’s palsy, which 
improved on electrical treatment In 1935 she suffered a cerebral insult resulting in right 
hemiplegia without aphasia During that jear mild diabetes was discovered In May 1941 
she had a cerebral insult without loss of consciousness, increasing the paralysis on the right 
side Phjsical examination revealed severe hypertension, an ancurjsm of the internal carotid 
artery of the neck and right hemiplegia without aphasia She had been confined to bed 
since tlie second cerebral accident She had been taking liquid petrolatum for several years 
because of chronic constipation A barium sulfate enema levcaled diverticula of the large 
bowel During her stay in the hospital she received about 1 ounce (30 cc ) of liquid petro- 
latum daily Again, during the routine investigation of patients receiving liquid petrolatum 
over a long period, a roentgenogram (fig AD) of the chest disclosed a dense infiltrative 
lesion involving the mesial portion of the lower lobe of the right lung adjacent to the heart 
with patchy areas of infiltration throughout the remainder of the lobe, particularly over 
the diaphragm A densely thickened pleura was present along the lower axillary portion 
of the lung Because of similar findings in other patients, we again suggested tlie diagnosis 
of low grade aspiration pneumonia, and an aspiration biopsy disclosed a lipoid type of 
pneumonia 

COMM ENT 

The positive diagnosis of lipoid pneumonia, or, to use a better term, oil aspi- 
ration pneumonia, has in the past been a pathologic one The condition w as studied 
on autopsy material * and on animal material in which hpoid pneumonia had been 
pioduced experimentally® The various reactions of the lung tissue to different 
oils were fiist desciibed by Pinkerton,''" and he enumerated the following 
pathologic responses (o) Animal oil produces fibrosis and giant cell formation 
in the lung togethei with necrosis and edema , the latter two depend on the amount 
of free fatty acids piesent in the oil (&) Vegetable oils (e g, poppyseed oil), 
with the exception of chaulmoogia oil, produce practically no reaction (c) Liquid 

2 Laughlen, G F Studies on Pneumonia Following Nasophar 3 mgeal Injections of Oil, 
Am J Path I 407 (July) 1925 Rabinovitch, J, and Lederer, M Lipoid Pneumonia, Arch 
Path 17 160-168 (Feb ) 1934 

3 Pinkerton, H (a) The Reaction of Oils and Fats in the Lungs, Arch Path 5 380-401, 
(March) 1928, (6) Oils and Fats Their Entrance into and Fate m the Lungs of Infants and 
Children, Am J Dis Child 33 259-285 (Feb ) 1927 
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petrolatum (mineral oil) produces a macrophagic reaction with giant cell foiniation 
and fibrosis The largest senes of cases was published recently by Freiman and 
associates^ They reported 47 cases — 41 which weie taken fiom autopsy material 
and 6 in which the clinical diagnosis was made on piesumptive evidence that 
wan anted the diagnosis of hpoid pneumonia 

In oui investigation we were primarily conceined with finding and evaluating 
a means of establishing the diagnosis of lipoid pneumonia during life While 
pursuing this aim, we were able to observe the evolution of the process hitherto 
described on autopsy material only 

The histologic lesponse of the lung to liquid petrolatum can be briefly sum- 
marized as follows The droplets of oil enteiing the alveolar space act as a chemical 
mechanical irritant Soon monocytic cells (fig 2 A) appeal and phagocytose the 
oil dioplets At fiist these cells take on a foamy appearance (fig 2 B) , later, in 
the course of imbibition, they lesemble oidinaiy fat cells At first round oi oval, 
they become bulky and of iriegular contour, depending on the numbei of oil 
droplets phagocytosed The latter press the nucleus towaid the peiiphery but 
retain their subdivision foi a long time (fig SB), possibly until the cell dis- 
integrates (fig SB) In this stage one finds giant cells and fibrosis — biiefly, a 
histologic lesponse commonly seen in the presence of a foieign body As time 
goes on the fibrosis inci eases, and the oil of the disintegi ated hpophages becomes 
entrapped m the meshwork of the fibious tissue (fig SC) If the amount of fat 
IS considerable, and if fibiosis and giant cell foimation aie so abundant as to foim 
a tumor, one speaks of a paraffinoma The latter stage was not encounteicd in our 
series of cases 

Since the aspiration of the oil in most cases extends over a period of years, 
one IS apt to find all the various stages of lipoid pneumonia present concomitantly 
This has been proved on autopsy material as well as in oui senes of aspiration 
biopsies Ten patients having a history of taking liquid petiolatum over a period 
of years were investigated The patients weie selected at random, but the presence 
of dysphagia oi dysarthria or the fact that the patient Avas bedridden guided us 
111 the choice Aftei roentgen films of then chests had been taken, those with 
positive roentgen findings were subjected to aspiration biopsies Repeated biopsies 
were made in all cases in order to exclude any doubtful findings and to demonstrate 
the various stages of the pathologic process A positive result of an aspiration 
biopsy was consideied of significance but a negative one did not necessarily rule 
out the diagnosis 

The following technic was used 

The pulmonary lesion was carefully localized in each instance by means of roentgeno- 
grams As a rule, the posteroanterior and lateral views sufficed Fluoroscopic control vas 
not necessary but may be used if the patient's condition permits The skin was anesthetized 
witli 2 cc of 1 per cent solution of procaine hydrochloride A 20 cc syringe with a spinal 
tap type of needle w'as used The plunger of the syringe was withdrawn to the 5 cc mark, 
and the needle was inserted into the localized area, penetrating as much as 9 to 10 cm , 
depending on the site of the lesion Once the needle was inserted, we attempted to with- 
draw the plunger to make sure the point of the needle w^as not in a blood vessel or a 
bronchus The plunger was then forced dowm to tlie bottom of the springe, ejecting the 
contents of the lumen of the needle, so as to remove nny tissue that may ha\e entered in 
the passage through the chest wall The position of the needle was then changed slightlj 
either by withdrawing the needle or by altering its direction The plunger was then siov I 3 
wnthdrawm w'lth aspiration of as much tissue as possible FinalR, the needle was w-ithdrawn, 

4 Fieiman, D G , Engelberg, H, and Merrit, W H Oil \spinfinn Pneumonia in 
Adults, Arch Int kled 66 11-38 (Tiilj) 1940 
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and the contents weie forcefully ejected on Tour slides One slide was regarded as an 
ordinary blood smear and stained with Wright’s stain for ten minutes The otlier three were 
treated -with vaiious fat stains for the identification of the type of fat 

The histologic chaiactei of the smear depended on the aiea fiom which the 
tissue ^^as aspirated Usually it was loaded with red blood cells and scattered 
phagocytic cells , the lattei wei e often in groups of two to thi ee Occasionally a 
smear was obtained which contained a rather small numbei of the macrophages, 
and occasionally the mateiial consisted of clumps of macrophages, fat droplets, 
fibrocytes and giant cells The piesence of macrophages m the smear was con- 
sidered of positive diagnostic value The fat stains confirmed the character of 
the phagocytosed mateiial Because of the rathei “blind” selection of the area for 
aspiiation biopsy, it is difficult to state how far the lesion has progressed Where, 
howevei, the loentgen film shows a lesion icsemblmg a lumoi, the aspiration should 
be done under fluoi oscopic control so as to obtain tissue directly fiom the tumefied 
aiea Because of the chionicity of this t}pc of lesion and the piobable obliteration 
of the pleuial space, we did not hesitate in using this method of diag^iosis No 
untow'ard effects weie noticed m any of our patients except 1, w'ho expectorated 
a small amount of blood A half-grain (0 03 Gm ) of a codeine salt usually sufficed 
to control the pain and the anxiety 

Roentgenographically the pulmonaiy lesion was not characteristic, but the 
infiltration as a rule involved the lower lobes of both lungs and particularly 
the lower lobe of the right lung The mesial portion of the latter lobe adjacent to the 
heart w'as the earliest site of invohement The infiltration then spread to the 
dependent portions of the lobe above the diaphragm The process vaned in 
character fiom patchy infiltiation to dense consolidation with fibrosis There was 
little change in the lesion o\cr piolongcd periods 

SUMMARY AND CONCLUSIONS 

Ten patients who had a history of leceiving liquid petiolatum for many jears 
and W'ho had suggestive i oentgenograms pointing toward the diagnosis of lipoid 
pneumonia were investigated by means of aspiiation biopsies The material 
aspirated from the lungs of 5 of the 10 patients gave smears containing the 
chai actenstic lipoid macrophages 

One patient had difficulty in sw'allowing Two had hemiplegia (without 
dysphagia) Foui were bedridden or confined to wdieel chairs 

The roentgenogi aphic studies showed the pulmonaiy lesions confined to the 
mesial portions of the low'er lobes of both lungs and particularly to the low'er lobe 
of the light lung 

The positive smeai can be legarded as diagnostic A negative smeai does not 
lule out the diagnosis 

The technic of an aspiiation biopsy of the lung is outlined No serious ill 
effects w'eie encounteied following this piocedure 

The evolution of the pathologic process was follow'ed duiing life by means of 
such biopsies 

Drs A M Rabiner, C Solomon, H Mandclbaum and L Lowe, in whose services the cases 
reported in this paper were studied, gave us permission to report these cases 

700 Ocean Avenue (Dr Nathanson) 

Jewish Sanitarium and Hospital for Chronic Diseases (Dr Frenkel) 
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BALTIMORE 

The material foi this article has been selected from publications which have 
appeared fiom July 1942 to June 1943 As m previous leviews,^ it has been 
necessary rigidly to select material, excluding comparative seiologic studies and 
most case reports The number of European journals available for leview is 
negligible, but the deficit is offset by the gi owing interest of Latin Ameiican 
authors m the subject Because the war has focused attention on the pievention 
of syphilis, especially among the armed forces, there is an inci eased numbei of 
articles on control of the disease 

HISTORY OF SYPHILIS 

A fascinatingly leadable account of syphilis as disclosed m the writings ot the 
Elizabethan playnghts and pamphleteers has been contiibuted by Zimmeimann - 
Important historical points are clarified and a vivid pictuie of daily life in Renais- 
sance Europe depicted The customs of these times, crude, rough, even bawdy, 
are portrayed m such a manner as to present not only a clinical but also a public 
health picture of syphilis as seen by the physicians and public health officials of 
the day 

Elizabethan England is depicted through the words of Shakespeaie, Johnson 
and the lessei lights The problems of today (prostitution, pandering, high inci- 
dence of syphilis, clinical syndiomes of the disease) also confronted physicians 
centuries ago Zimmermann is more than a competent histoi lan , he is an excellent 
entertamei In his stories of syphilis of a centuiy ago the physician will find 
information and pleasurable relaxation 

Accoidmg to Poiiier,® syphilis was brought to Canada by a sailoi who 
accompanied Jacques Caitier on his first voyage in 1534 A notable epidemic 

From the Syphilis Division of the Medical Clinic, the Johns Hopkins Univeisilj anrl 
Hospital 

1 (a) Moore, J E Syphilis A Review of the Recent Literature, Arch Int kicd 56 1015 

(Nov ) 1935 (b) Padget, P , and Moore, J E Syphilis A Review of the Recent Literature, 

ibid 58 901 (Nov) 1936, (c) 60 887 (Nov) 1937 (d) Padget, P , Sullnan, kl , and Moore, 
J E S3rphilis A Review of the Recent Literature, ibid 62 1029 (Dec ) 1938 (c) kfoore, 
J E, and Mohr, C F Syphilis A Review of the Recent Literature, ibid 64 ’1053 (Nov) 
1939 (/) Mohr, C F , Padget, P, and Moore, J E Syphilis A Renew of the Recent 
Literature, ibid 66 1112 (Noi ) 1940 (ff) Mohr, C F , Padget, P , Hahn, R, and Moore, 
J E Syphilis A Review of the Recent Literature, ibid 69 470 (March) 1942 (/i) Rc\nolds 
F W , Mohr, C F, and Moore, J E Syphilis A Renew of the Recent Literature, ibid 
70 836 (Nov) 1942 

2 Zimmermann, E L (a) Syphilis and the Elizabethan Plaj rights and Pamphleteers, Am 
J Syph, Conor & Yen Dis 27 78 (Jan) 1943, (b) 27 226 (March) 1943 

3 Poiner, P Histoire de la s^^lhllls en Amenque, J de THotcl-Dicu de Montreal 1 64 
(Jan -Feb) 1943 
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occurred about the Bay of St Paul aftei the intioductioii of syphilis into the area 
by a group of soldieis in 1773, and subsequently spiead along the St Lawience 
and Ottawa rivers and thioughout the entiie piovince of Quebec The tuie nature 
of the malady was not recognized by a gioup of eminent physicians sent by the 
government to investigate It was identified as syphilis in 1785 by Philippe Louis 
Francois Badelard, whose monograph dcsciibing his findings is said to have been 
the fiist medical publication in Canada 

The mal dc la Baie St -Paul has not received the same pubhcit} as the massacre 
of Lachine oi the depoitation of the Acadians, but its lepcicussions weie more 
profound and moie pernicious than aii) othci situation faced by the struggling 
young colony 

SPlUOCIIAnTA PALLIDA 

Spn ochaela Pallida in the Election Miao^copc — Knowledge of the morphology 
of Spiiochacta pallida has been furthered through the use of the election microscope, 
capable of obtaining veiy high magnifitation Unfortunatch technical difficulties 
necessitate immobilization and desiccation of the organism, so that some distortion 
IS present Wile, Picard and Keai ii)' ‘ note that as seen in the electron microscope 
S pallida undergoes distoition, lengthening and flattening of the coils ascnbable 
to the technic of preparation A complete and continuous membrane-like structure 
about the organism vas dcmonstiatcd as ^\cre knoblike structures of fairly uniform 
density ^\hlch seemed to be integiated with the body of the oiganism 

Although unable to see flagella on S pallida under the electron microscope by 
direct inspection of the fluoroscopic screen. Wile and Kearii} “ note that flagellum- 
like processes may be demonstrated in enlarged photographic reproductions These 
processes weie found frequently enough to justify the assumption that they are 
an integral pait of the organism 

In addition to the demonstiation of gianules, spherical bodies and flagellum-like 
filaments, Morton and Anderson ° have made certain observations on the division 
of spirochetes In the electron microscope, these workeis have noted initial 
constriction of the spirochetal body, leading eventually to two spirochetes held 
together by a tenuous membiane After sepaiation of the organisms at this point, 
the thin membrane peisists as a terminal filament 

CidHvaUon of Spv ocheic <; — Kast and Kolmei " have been unable to cultivate 
S pallida on an artificial medium containing normal rabbit testicular tissue after 
the method of Moiiison (to whom in 1941 a government patent was issued cover- 
ing the procedure) It is a lemaikable commentaiy on the United States Patent 
Office that a patent can be issued for claimed bacteriologic success in this difficult 
field to a physician who has commei cialized '‘vaccines” and “serums” for syphilis, 
tuberculosis and, of all things, hypei tension Apparently one can patent anything, 
whether or not it works 

The difteieiitiation of S pallida from other spirochetes which so frequently are 
found 111 the oral cavity, especially when dental hygiene is poor, is a matter of 

4 Wile, U J , Picaid, R G, and Kearny, E B Alorphologj’’ of Spirochaeta Pallida in 
the Electron Microscope, JAMA 119 880 (July 11) 1942 

5 Wile, U J , and Kearn}'', E B The Morphology of Treponema Pallidum in the Electron 
Microscope Demonstration of Flagella, JAMA 122 167 (Maj' 15) 1943 

6 Morton, PI E, and Anderson, T F Some Morphologic Features of the Nichols Strain 
of Treponema Pallidum as Revealed by the Electron Microscope, Am J Syph, Conor & Ven 
Dis 26 656 (Sept) 1942 

7 Kast, C C , and Kolmer, J A A Note on die Cultivation of Treponema Pallidum with 
the Preservation of Virulence, Am J Syph, Conor & Ven Dis 27 309 (May) 1943 



REYNOLDS ET AL— SYPHILIS 


637 


practical importance to the syphilologist Under the daik field microscope this 
differentiation may be very difficult Weie cultivation and isolation of oial 
spirochetes a practicable clinical procedure, more clearcut distinctions might be 
possible Wichelhausen and Wichelhausen ® have been able to obtain pure cultures 
of spirochetes from fusospirochetal oral lesions The isolation of these strains was 
accomplished by filtration through Chamberland-Pasteur filters, by cultivation in 
deep agar shake tubes and by anaeiobic cultivation in the depth of blood agai plates 
The morphologic and cultural characteristics of nineteen strains of oral spiiochetcs 
are described Two of these strains were serologically related to each other and 
to cultuie strains of organisms (Reiter, Kazan) oiiginally considered to be S 
pallida 

Smvival m Fiozen Plasma — The rapid inciease in the popularity of blood 
banks throughout the country and particulaily the accumulation of large stoies of 
plasma, liquid, frozen or dried, have made important the study of survival of 
S pallida in these various preparations 

Ravitch and Chambers ° lepoit that human and rabbit plasma heavily inoculated 
with S pallida and frozen at — 20 C for forty-eight hours or longci is not 
infectious for normal rabbits Such material was infectious, however, when the 
freezing period was only twenU-four hours Under these conditions the incubation 
period IS prolonged even though the experimental animals received an inoculation 
dose twice the size of that given the controls 

Appearance m the Blood Stieain — The piecise time at which S pallida enteis 
the general circulation after inoculation into man is not known In experimental 
animals, the organisms have been demonstrated to entei the blood stream within 
a relatively few minutes In man, it is commonly taught that spnochetemia develops 
just prior to the appearance of the secondary lesions 

Evidence that S pallida may invade the blood stream befoie the lesions of 
early syphilis appear is furnished by Bickers This author reports a case of 
congenital syphilis in a newly boin child acquned before the appearance of the 
piimary sore in the mother The mother was known to have negative serologic 
reactions for syphilis ten months, one month and two weeks before the chancre 
developed, and a history of contact with an infected partner twenty-two days before 
the lesion appeared was established The chancre became obvious three days post 
partum and was followed five weeks later by a secondary eruption At the age of 
3 weeks the infant showed lesions of congenital syphilis and had a positive serologic 
reaction of the blood 

Treatment-Resistant Shams of S Pallida — ^Further studies on a treatment- 
resistant strain of S pallida have been reported by Beerman and Severac When 
a patient with syphilis fails to respond to the usual antisyphilitic therapy, it is con- 
sidered that the resistance is due to one'or a combination of the following factors 
the peculiaiities of the host, the potency of the antisyphilitic remedy, and a special 
biologic peculiarity of the strain of S pallida 

8 Wichelhausen, O W, and Wichelhausen, R H Cultivation and Isolation of Mouth 
Spirochetes, J Dent Research 21 543 (Dec ) 1942 

9 Ravitch, M M, and Chambers, J W Spirochetal Survnal m Frozen Plasma, Bull 
Johns Hopkins Hosp 71 299 (Nov) 1942 

10 Bickers, W Congenital Syphilis Acquired by Fetus Before Appearance of Chancre in 
Mother, Arch Dermat & Syph 46 135 (July) 1942 

11 Beerman, H , and Severac, M The Problem of Treatment-Resistant Siphilis Further 
Studies on a Treatment-Resistant Strain of Spirocheta Pallida, J Invest Dermat 5 269 (Oct) 
1942 
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The oppoitunity foi the piesent study was afforded by a patient with eaily 
syphilis whose eailj lesions failed to lespond to a total of 5 4 Gm of \aiious 
aisenicals but did respond to piolonged use of a bismuth compound mtiamusculaily 
and nonspecific theiapy The problems considcied weie, fiist, the chaiactenstics of 
the strain of S pallida isolated fiom tins tieatment-iesistant patient, and second, the 
compaiative eftect of arsphenamme tieatment on labbits infected with this stiain 
as compaied with labbits infected with the Nichoh-IIough strain 

As the strain studied was cairicd through successive transfers, it appealed to 
acquire enhanced viiulence foi labbits At fiist, the peiccntage of “takes” was 
low the incubation peiiod variable and the lesions atypical Later, inoculation 
resulted in chaiactcristic manifestations aflei a standard period of incubation in a 
high peiccntage of animals Expeiiments to dctcimme the response to treatment 
weie controlled by the use of the Nichols-Hough stiain of organisms and b) the 
use of a standaid lot of ai sphenamine, the minimal sterili/mg dose of which over 
more than ten }eais had been 14 mg per kilogram of .body weight Thirteen of 
51 rabbits infected wnth the ticatmcnt-rcsistant strain were not stcrili/ed by injection 
of from 14 to 30 mg per kilogiam of body weight This rcfractonncss to treat- 
ment was sporadic, more pronounced m the beginning of tbe study, and less fiequent 
as the strain became adapted to the new' host The study indicates that theie is no 
regularity^ in the octunence of icfractorincss to treatment in rabbit s\phihs, despite 
suggestive chains of instances of such resistance 

LXPERIMKNTVL S\PIIILIS 

SyphtUhe Women as Passive Can lets — As a factoi in the spiead of sjpliilitic 
infection, the sexually piomiscuous w'oman with latent or treated syphilis long has 
been consideied to play an impoitanl role as a passive carrier Panser^- has 
subjected this pieconceived belief to experimental study 

In his thice experiments, S pallida w'as introduced into the vaginas of women 
w'lth early syphilis Subsequently, a scaich for the oiganisni w^as made by’’ dark 
field micioscopic examination and by inoculation of rabbits intratesticularly Spiio- 
chetes thus intioduccd into the human vagina survned only a i datively short tune 
In one instance organisms w^eie recogni/ablc morphologically in the vagina until four 
hours aftei they’- w^ere introduced, and in anothei they' disappeared within one and a 
half hours, after w'hich time the infcctiousness of the ^aglnal secietions could not be 
demonstrated by animal inoculation 

Infeetiousncss of Scmmal Fluid — In a study of the infectiousness of the semen 
of men with early' sjphilis, Paiisei found that seminal fluid did not transmit the 
disease to susceptible animals except w'hen it w'as contaminated w'lth S pallida w'hile 
passing ovei an open lesion containing the oiganisms In his study, 23 specimens 
of seminal fluid fiom 20 men w'lth eaily syphilis weie used Two experimental 
methods w'eie employed Ten specimens of seminal fluid w'eie injected into the 
doisal skin of mice, the peripheral ly'mph nodes, the spleen and in some instances 
the brain were removed tw'enty-one to foily day's latei , the maceiated organs w'ere 
suspended in saline solution and injected intratesticularly' into rabbits The lemam- 
ing 13 specimens were injected directly into the testes of rabbits Daik field exami- 
nations were made on all fi eshly passed seminal fluid specimens, but no spirochetes 

12 Panser, H Studies of the Transmissibihty of S 3 'phihs The Role of the Sj’phihtic 
Woman as a Passive Carrier, J Invest Dermat 5 243 (Oct ) 1942 

13 Panser, H Studies of the Transmissibihty of S 3 'phihs The Infectiousness of the 
Seminal Fluid of Wen with Early S 3 'philis, J Invest Dermat 5 311 (Dec) 1942 
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weie seen in any of the specimens The lesults of animal inoculation were albo 
negative, except in 1 case m which the patient had moist papulai lesions ncai the 
meatus and extending into the canal 

The authoi postulates that the male can tiansmit syphilis onl}^ duiing the piescnce 
of open lesions containing S pallida, whether chionologically earl)’^ oi late m the 
couise of the infection 

Tune Factoi m Evaluation of "Cwe” of Rabbit Syphilis — The finding that the 
l 3 anph nodes of untieated syphilitic rabbits lemain infectious foi }eais often m 
the absence of other demonstrable evidence of syphilis, has led many in\ estigators 
to depend on the results of lymph node tiansfeis as the ultimate ciiteiion of cuie 
111 the experimental disease 

Eagle, Hogan and Kemp enjoin caution m the interpi etation of such negatnc 
lymph node transfers They have found the time at which the transfer is made to 
be an impoitant factor Of 546 syphilitic rabbits tieated with various arsenical dings 
in doses approximately 25 to 75 per cent of the amount judged to be curative, 394 
appal ently weie “cured” as judged by negative lymph node tiansfers into noimal 
labbits SIX weeks after tieatment However, when 279 of these “cuied” animals 
weie retested by a second node transfei six months aftei treatment, no less than 10 
(37 per cent) weie found still to harbor the organisms The authors inteipret these 
negative lymph node transfers followed by positive tiansfers as analogous to eaily 
infectious relapse in man 

Existing data as to the cuiative dosage of vaiious antisyphihtic ditigs must be 
reconsidered with attention to the time at which node transfei s weie made Until 
that factoi is rigidly controlled, temporaiy “cuies” constitute a variable and inde- 
terminable error which may vitiate the significance of much expeiimental data 

Cntena of ‘'Cuie’’ of Rabbit Syphilis — The evaluation of chemotheiapeutic 
preparations depends on then effectiveness in ridding experimental animals of the 
invading organisms It is difficult to be suie that an animal has been sterilized of 
spirochetes, and the criteria of “cuie” aie not univei sally agreed on 

Worms,^® in a review of the subject, points out that, although lecent woikcrs 
appear to accept the validity of lymph node transfer as a safe procedure for the 
evaluation of antisyphihtic diugs, there is experimental evidence to indicate that 
success with this piocedure is not entirely acceptable as a ciiterion of cure This 
evidence is (1) the occurience of “nulleis,” animals uhich acquire symptomless 
infection when inoculated with lymph node suspensions, (2) vai lability in the dis- 
semination of the organisms thioughout the organs of the body Factoi s in\ohed 
include the stage of the infection at which treatment is started and the inteival of 
time betufeen treatment and test of cure 

In testing the effectiveness of a chemotheiapeutic prepaiation AAffirms suggests 

(1) The preparation under examination should be tried finally not onb on syphilitic rabbits 
but also on syphilitic mice In rabbits it should be tried in the latent stage after the first out- 
break of active symptoms, i e, about three to four months after infection, and in mice not less 
than two months after the inoculation, when the infection of the central nervous sjstem his 
been well established 

(2) The test by tissue transfer should be performed in rabbits not less than one jear after 
the treatment, and during the 3 ear the rabbits should be closely watched for an\ signs of 
recurrence In mice the test should be made in not less than six to eight months after treatment 


14 Eagle, H , Hogan, R B, and Kemp, J E The Importance of the Time Factor in 
the Evaluation of “Cure” m Syphilitic Rabbits, Am J S 3 ph, Conor & Ven Dis 26 557 
(Sept) 1942 

15 Worms, W Evidence of Cure in Experimental S 3 philis When Used for the Eealuation 
of Chemotherapeutic Preparations, Brit J Ven Dis 19 15 (March) 1943 
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(3) For the transfer the material should be used as follows (a) Emulsions of a mixture 
of spleen, liver, marrow of seveial bones and testes of the treated rabbits, (b) emulsion of 
several Imph glands of the treated rabbit, (c) emulsion of whole organs (including brain, 
which should be transferred separately) and of several Ijmph glands of the treated mouse 

Rabbit tissue emulsions should be inoculated into other animals, and if no signs 
of infection become appaient a second passage should be made To quote Worms 
fui ther 

Admittedly this is all troublesome but it is onlj by such thoroughness in testing that the 
inherent fallacies in the tiansfer method can be minimi7cd, the trouble, time and expense arc 
justified when a judgment of the value of a chemotherapeutic preparation depends on the 
1 esult 

EApc} nnenial Pummy Aiiophy of ihc Optic Novc — Longley, Clausen and 
Tatum have experimentally produced primai}' atrophy of the optic nerve in 
monkeys by the administration of various pentavalcnl arsenical compounds, includ- 
ing sodium aisanilate, tryparsamide, acetarsone, 3 -amiiio- 4 -betaliydroxyethoxy- 
phenylarsonic acid and 4 -^-(/ 3 ' h}dro\y)-ellio\vethoxvphenylarsonic acid The 
"appioximate blinding dose” of acctaisone was found to be about three times, 
and of tryparsamide nearly nine times, that of sodium aisanilate Of interest is 
the fact that 4-j8-(/3'-li3dioxy)-etho\}cthox}phcn3'larsonic acid, a compound which 
contains no ammo group, produced charactciistic visual damage in one of three 
animals tested The toxicity of the di ug thus appears to be a function neither of 
the position of a nitrogen-containing side chain nor of its picscnce 

This vvoik makes av'ailable an experimental basis for stud3' of the toxicity 
(blinding potentialities) of arsenical compounds and for evaluation of the pro- 
ph3dactic proceduies designed to reduce oi eliminate toxic optic neuropathy result- 
ing from chemotherapy of syphilis of the cential neivous 53 stem 

McDermott and his co-vvoikets point out that the mechanism of tlie produc- 
tion of tr3'parsamide ambl3^opia has alwa3s been obscure They review the 
literature pertaining to the development of amblyopia following vitamin deficienc3' 
The B complex and vitamin A have both been incnminatcd It is difficult to 
determine the exact dietaiy factoi concerned in the various clinical observations, 
since the deficiency is almost alvva3’s a multiple one Likewise, the results in 
experimental animals are also not free from conflict, but it has been established 
that proper utilization of at least tw'o dietar3'' factors is neccssar3 for the maintenance 
of the integrity of the nervmus system in animals These two essential substances 
aie vitamin A and some fraction or fractions of the B complex which is not thiamine, 
nboflavnn or nicotinic acid 

In the present expeiiment, 3^oung growing rats of both sexes were put on diets 
deficient m vutamin A and the B complex The authors summaiize the expeiiment 
as follows 

1 Deficiencies of vitamin A and of sev'cral components of the B complex were produced in 
rats Certain groups of these deficient animals as well as normal rats were treated with 
tryparsamide 

2 Rats maintained on synthetic diets lacking only the complete vitamin B complex showed 
degeneration of the optic nerve This degeneration was intensified by the concurrent adminis- 
tration of tryparsamide 

16 Longley, B J , Clausen, N M , and Tatum, A L The Experimental Production of 
Primary Optic Atrophy in Monkeys by Administration of Organic Arsenical Compounds, J 
Pharmacol & Exper Therap 76 202 (Nov ) 1942 

17 McDermott, W , Webster, B , Baker, R , Lockhart, J , and Tompsett, R Nutritional 
Degeneration of the Optic Nerve in Rats Its Relation to Tryparsamide Amblyopia, J 
Pharmacol & Exper Therap 77 24 Qan ) 1943 
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3 Rats maintained on the same synthetic diet supplemented either with brew er’s ^ east or 
with all the available crystalline B-vitamins together (thiamine hi'drochloride, riboflaMn, nico- 
tinic acid, pyridoxine, calcium pantothenate and choline chloride) showed no degeneration of the 
optic nerve, whether or not they had received tryparsamide 

4 Rats maintained on diets which were partially deficient m pantothenic acid failed to show 
any degeneration of tlie optic nerves, whether or not they had received tryparsamide 

5 The deficiency responsible for the nerve degeneration in completel}" B-deficient rats is 
attributable to one or more of the known crystalline members of the group It is not pantothenic 
acid alone 

6 Rats maintained on synthetic diets completely free of vitamin A developed marked degen- 
eration of the optic nerves 

7 There was no evidence that the administration of tryparsamide intensified this piocess 
The changes in the tryparsamide treated animals were, if anything, somewhat less than in the 
untreated animals, but this effect is probably only an appaient one as the changes were extensive 
m both groups 

S Rats maintained on diets poor in vitamin A which w^ere treated with tryparsamide, showed 
degenerative changes in the optic nerves although they show'ed no clinical signs of \ 
deficiency 

9 The degenerative changes in the low vitamin A group were of much less extent than 
in the completely deficient animals, either treated or untreated 

10 Rats maintained on synthetic diets supplemented by adequate amounts of B-complc\ 
(yeast) and vitamin A (cod liver oil) developed no degeneration of the optic nerve, whether or 
not they were treated with tryparsamide 

SYPHILOID DISEASES 

Pmta — An extensive review of the literature relating to pinla has been made 
by Holcomb,^® who cites 177 references Pmta has been reported m the southern 
states of Mexico, Colombia, Venezuela, Brazil, Ecuador, Peru and the West Indies, 
where it affects principally Negroes, native Indians and peoples of mixed blood 
Desciiptions of the disease are not limited to the Western Hemisphere, howevei, 
for cases have occurred on the east and west coasts of Africa, in Eg}pt, Tunisia, 
Algeria, Morocco and Iraq, and among the dark-skinned races in India, Straits 
Settlement and the Philippine Islands 

The etiologic agent, a spirochete moi phologically indistinguishable fiom S 
pallida and Treponema pertenue, was first identified by two Cuban physicians, Grau 
Triana and Alfonso Aimenteros It has been named variously Treponema carateum. 
Treponema herrejoni. Treponema pictor. Treponema americana. Treponema dis- 
cromoderma, and Treponema pintae A limited number of inoculations into guinea 
pigs, rabbits and rats have given negative results Serologic tests for syphilis are 
usually positive, especially after the disease becomes chronic 

Several insects have been found to harbor the spirochete of pmta and aie tliought 
by some to be vectors of the disease Others believe personal contact to be more 
important, pointing out that the organism can be demonstrated m the perspiration 
of infected persons 

In tracing the antiquity of literature on hyperpigmentation and depigmentation 
Holcomb discusses the question of whether pmta originated m the Western Hemi- 
sphere or was imported from Africa He also indicates certain relationships to 
yaws and syphilis, concluding that “A review of the literature would seem to me 
to indicate that this syphiloid is one of the many disguised evidences of the antiquit} 
of syphilis ” 

Beeiman^® defines pmta (mal del pinto, carate, azul) as 

18 Holcomb, R C Pmta, A Treponematosis, U S Na\ M Bull 40 517 (Jub) 1942 

19 Beerman, H Pmta — ^A Review^ of Recent Etiologic and Clinical Studies, Am J M 
Sc 205 611 (April) 1943 
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a chronic endemic disease of long duration, infectious, possibly contagious or trans- 
missible by an as yet unknown vcctoi It is cliaracteri/cd by papular or papule-like initial 
lesions and is followed in a variable but usually long time by an erytlicmatosquamous eruption 
which increases continuously and is transformed into dcimatitic plaques which are superficial, 
atrophic, pigmented and achromic, accompanied frcquentlv by palmar or plantar keratodermias, 
and enlaigement of superficial lymph nodes It is now supposed to be due to a specific treponema 
The cutaneous lesions are at times accompanied by visceral changes (aorta, nervous system) 

Pinta aflects daik-skinned peoples chiefl}' It is essentially a disease of rural 
communities and is most pievalent m iivei vallcjs Poisons of the poorer classes, 
laboieis and peisons living undei unsanitaiy conditions most often are afTected It 
occuis mostly between the ages of 10 and 20 }cais The mode of transmission 
IS thought to be direct contact, intimate and piolongcd, but the possibility of an 
insect vector exists 

Serologic tests of the blood for syphilis, both complement fixation and floc- 
culation, give unifoimly high percentages of positive reactions, especially during 
the later stages of the disease The tieatinent of pinta is similar to that of syphilis 
and of yaws Seroiesistance is the rule rathci tlian the exception As Beerman 
says 

Pmta thus represents another milestone in the efforts to evaluate the svphihs-hke diseases 
With the discovery of an organism, morphologically indistinguishable from Spirochacia 
palhda, the laws of Koch ha^e been fulfilled only a little less than in s\philis But with tins 
discovery of the treponemal cause of pmta, comes rationalisation of cfTcctnc therapy previoush 
used empirically With increased knowledge of the clinical aspects of the disease and the 
possible modes of its transmission, prophylaxis can be successfullv cmploxed Credit is due to 
the indefatigable industry of the workers in our neighboring Latin American countries 

In Venezuela, according to Iriartc,-® pinta is found mostlj in the western states 
and in the extieme south Studies pin porting to establish a my cologic causation 
aie considered untenable, since many of the fungi described aie saprophytic on the 
skin of animals and man T caratcum, wdiilc found readily in the dy schromic cuta- 
neous lesions, has not been demonstrated in the lymph nodes of patients with pinta 

SCRODIAGXOSIS OP s\rniLis 

Spu ochetal AnUgens — There is leason to believe that an antigen made fiom 
pure cultures of pathogenic S palhda would be moie specific than the tissue anti- 
gens now used in the seiologic laboiatoiy The difficulty'' is, of course, in obtaining 
puie cultuies or organisms which retain their pathogenicity 

Sordelh summarized the various attempts which have been made to utilize 
spirochetal antigens in seiodiagnosis Although no oiiginal work is presented, this 
aiticle provides a splendid summary of the subject The lelationship betw'een reagin 
and immunity, the cioss reactions between vaiious strains of pathogenic and culti- 
vated spirochetes and the results obtained wuth human serums wnth various spiro- 
chetal antigens are all described To date, the hope that biologic false positive 
reactions can be excluded by using these antigens has not been realized In yaws 
and pinta, results are similar to those obtained w'lth tissue antigens, in malaria, 
positive reactions are common, but in leprosy the proportion of falsely positive 
reactions is less than with standard tests 

Antigens Flagella} and Somatic — The fact that antiserums to somatic type 
antigens lose then flocculating power with less heating than do antiserums to 
flagellar type antigens generally has been accepted as evidence that antibodies to 

20 Inarte, DR En carate en Venezuela, Rev de med trop y parasitol , bacteriol , clin y 
lab 8 75 (Nov -Dec ) 1942 

21 Sordelh, A Las espiroquptas como antigeno. Rev argent dermatosif 26 777, 
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the two kinds of antigen differ in then resistance to heat Eai\ den and Klcc/kov. - 
ski 22 report expeiiments to show that this diflerent reactivih to heat depends on 
the presence of albumin If euglobulin fractions of antiseiums w^ere piepared and 
heated separately, there w^as no diffeience in the amount of heating required tn 
destroy the flocculating power of different antibodies Only when the antibodies 
to the two types of antigen weie heated m the presence of albumin was theie an} 
diffeience in their behavioi When ability to fix complement oi to neutiah/e 
infectivity was used as a criterion of the presence of lesidual antibodies, instead of 
ability to cause flocculation, all antiserums w'eie found to be equalh susceptible to 
heat The fact remains, how^ever, that heating (to 75 C for ten minutes) 
destroys the ability of antiserum to somatic type antigens to cause flocculation 
although not its ability to combine with the antigens 

In view of the known differences, e g , the thermolabihty of vanoiis antibodies 
attempts to diffeientiate tiue syphilitic reagin from nonspecific substances (anti- 
bodies^) of nonsyphihtic serums continue to offer some promise Kahn’s several 
"verification” tests represent effoits in this direction, even if then consistency and 
specificity are yet to be proved 

Natuial Tissue Antibody — Kidd and Friedewald 22 desciibed experiments which 
demonstrate the presence of a natuial antibody in the blood of 1101 mal adult labbits 
which reacts in vitro with a sedimentable constituent of normal rabbit tissue cel!'; 
The substance with which the natural tissue antibody reacts is legularly present 
in saline extracts of many normal tissues The titer of this pimciple w'as found to 
lun parallel with that of two natural antibodies also present m noimal rabbit’*? 
blood (natural Wassermann reagin and natural anti-sheep hemolysin), but absoip- 
tion tests showed it to be distinct from these 

The natural tissue antibody apparently fails to react m vivo wnth normal tissue 
substance In this lespect, it is comparable to Wassermann leagin, since although 
the tissues of syphilitic patients contain antigenic substances and anlibod} to this 
substance is present m the blood seium, no demonstrable reaction occurs m vivo 

Zone Reactions — As with othei seiologic piocedures, such as the Widal test foi 
typhoid, so also with serologic tests for syphilis theie is occasionally obsened a 
prezone phenomenon lesponsible for false negative reactions of scrums which should 
give a stiongly positive reaction With such serums it is neccssaiy to test serial 
dilutions to bring out the positive reaction 

Myeis and Peiry,^* testing seiums from 2,052 patients w'hosc leactions to 
loiitme flocculation tests (Kline exclusion) were negatne, found 6 sliowung the 
prezone phenomenon In addition to those specimens which ga-\e a negative 
leaction to the oiiginal flocculation test, theie A\ere 29 other specimens wath 
atypical doubtful leactions which weie leally pi e/one positive leactions The 
authors also comment on "an anomalous zone reaction in seia from presumably 
nonsyphihtic individuals” which they observed 84 tunes m their stud}' Unfor- 
tunately the clinical status of these patients w'as not determined Myers and Pei 1 } 
considei it advisable to use tw'o tests on each specimen of serum, and when it is 

22 Bawden, F C , and Kleczkowski, A Tiic Antigenicity of Non-Precipitating Comple' c' 
Blit J Exper Path 23 169 (Aug) 1942, The Eftccts of Heat on the ‘^crologic 'Reactions ot 
Antisera, ibid 28 178 (Aug ) 1942 

23 Kidd, J G, and Fncdewald, W F A Natural Antibodj Tiiat Reacts m 'S^itro with 
a Sedimentable Constituent of Normal Tissue Cells I Demonstration of the Phenomenon 
II Specificity of the Phenomenon, General Discussion, T Exper Med 76 543 (Dec) 1942 

24 Myers, R M , and Perrj , C A The Occurrence of Zone Reactions in Flocculation 
Tests for Syphilis, Am J Svph , Gonor & Ven Dis 26 494 (Tulj) 1942 
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not feasible to peiform more than one test they recommend that at least two dif- 
ferent quantities of serum he used routinely 

AnUbody FoimaUon and the Anamnestic Reaction — In a review of the general 
problem of antibody pioduction and the anamnestic leaction (the phenomenon of 
antibody “lecall” undei the stimulus of specific and nonspecific antigens), Cannon 
states 

The anamnestic reaction may play a beneficial role in the treatment of chronic or 

focal infections in which, presumablj, foci of infective agents persist in the tissues over long 
periods of time For example, in the treatment of chronic sjphilis, arthritis, or iritis, stimula- 
tion of the antibody mechanism by various foreign protein materials, such as t>phoid \accinc, 
milk, malarial parasites, or by hyperthermic means may cause the liberation into the blood 
stream of signifieant amounts of speeific antibodies engendered by pre\ lous antigenic experiences 
but which could not otherwise gam access to the infeeled foci 

The facts suggest that antigenic components may persist within antibody-producing 

cells for considerable periods of time after infection or vaccination and thus are able to function 
as ‘templates’ when later stimuli cause an acceleration of antibody production 

Whenever (antibody) is formed, antigenic ‘templates’ may so influence tlie 

structural pattern of the globulin molecules as to confci specific properties upon them Some 
of these molecules may pass into the extracellular fluids as antibodies and remain there for 
variable periods of time, others may persist w’lthin then cells of formation The persistence of 
this antibody matrix for months or years niaj explain botli the acquisition of acquired resistance 
independently of any considerable amounts of antibodies in the blood as well as man> of the 
tissue reactivities w'hich are commonlj regarded as allergic phenomena 

Absence of Rcagm fiom Uime — Shoitly after the discovery of complement 
fixation and its application to the serodiagnosis of syphilis, several imestigators 
repoited the presence of a complement-fixing substance m the urine of patients 
with syphilis Other workers, finding uiinc anticomplementar}^ were unable to 
confiim this finding 

Scott,"” who has tested the urine of 23 patients with syphilis and of 8 non- 
S3^phihtic controls, reports that in no instance was reagm demonstrable by comple- 
ment fixation Five patients -with sj^phihs had albuminuria, 1, a patient with 
eaily syphilitic nephrosis, excreting 2 0 Gm of albumin per liter None of the 
specimens of urine, hoivever, contained reagm, despite the fact that the blood 
reagm titers ranged between 24 and 48 units Uime fiequently \vas found to be 
anticomplementary despite neutralization This anticomplementary activit} seemed 
directly proportional to the volume of urine 

The author concedes that an occasional patient may excrete reagm in the urine 
For this to occui, two factors appear necessary fiist, a relativel}^ high percentage 
of globulin in the excreted protein, which presupposes severe damage to the 
glomerular filter, second, a high reagm content in the blood serum Neither of 
these factors existed in sufficient degi ee in the patients of the group here studied 

Weltman's Seiiim Coagulation Reaction in Sypliih'; — When normal human 
serum is diluted 1 50 with differently concentrated solutions of calcium chloride in 
distilled watei, different intensities of turbidity and flocculation occur after fifteen 
minutes of heating In certain diseases the serum coagulation becomes altered, 
and it has been claimed that by detei mining the concentiation “band” at which 
coagulation occurs it is possible to differentiate "exudative” from “fibrotic” 
conditions 

25 Cannon, P R Antibody Production and the Anamnestic Reaction, J Lab & Clin 
Med 28 127 (Nov) 1942 

26 Scott, V Note on Absence of Syphilitic Reagm and Antigenic Substance m Urine, Bull 
Johns Hopkins Hosp 71 242 (Oct) 1942 
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Steiner,"’' who has studied the seium coagulation reaction in a gioup of 72 
syphilitic patients, reports that m general the coagulation bands tended toward 
moderate but distinct prolongation, although in most instances the} weie not 
specific alterations No distinct differentiation among the vaiious stages oi 
manifestations of syphilis was possible No relation w^as piesent between the 
coagulation reaction and the Wassermami leaction 

Colloidal Gold Reaction — It has been impossible heietofoie to stud> the 
effects of the individual globulin fractions on colloidal gold precipitation, because 
these fractions could not be obtained in pure foim Gray,-® using puie piotein 
fractions piepared electrophoi etically, has studied the effects on the colloidal gold 
flocculation of pure human albumin, gamma globulin and the fi action containing 
alpha and beta globulins 

The addition of pure gamma globulin to noimal spinal fluid produced a dementia 
paialytica type colloidal gold curve The degiee of flocculation wvns piopoilional 
to the amount of gamma globulin added Similai concentrations of tiie fi action 
containing alpha and beta globulin did not affect the colloidal flocculation The 
addition of pure human albumin to cerebiospinal fluid of a patient wnth dementia 
paialytica converted the curve to normal Since the gamma globulin is increased 
m the spinal fluid of patients with dementia paralytica, the colloidal ciiue typical of 
that disease probably depends on the relative increase in gamma globulin 

Studying the piotein components of cerebrospinal fluid with the Tiselms elcctio- 
phoresis cell, Kabat, Mooie and Landow-® found that the electiophoielic pattern 
of spinal fluid resembles that of serum and that alterations in the composition of the 
serum proteins are reflected m the spinal fluid In neuiosyphihs, an mci cased 
gamma globulin occuried in the ceiebiospinal fluid No such change was found in 
the blood serum This suggests that not all of the spinal fluid protein is dciived 
from the blood, since it is difficult to imagine an altered permeability of the hemato- 
encephalic bariier wdiich could produce an increase in gamma globulin without 
pioducing an inciease in the smaller albumin molecule 

Colloidal gold activity of the cerebrospinal fluid was found to be associated w ith 
increases m the gamma globulin fraction, wheieas albumin appealed to inhibit this 
reaction 

FALSE POSITIVE REACTIONS TO SEROLOGIC TESTS 

Summarizing the piesent status of biologic false positive serologic reactions 
for syphilis, Eagle®® outlines the piocedures wdnch have been suggested for dif- 
ferentiating syphilitic reactions from those due to other conditions 

Two of the suggested procedures are the differential temperatuie “veiification” 
test of Kahn, which "is not yet a test on wdnch to base a definite opinion as to the 
significance of a positive lesult,” and the spirochetal complement fixation test, 
the lesults of which are "so completely at variance that it is w-ell to with- 

hold judgment” To quote fuither 

Fundamental studies on the nature of the substance responsible for these biologic false 
reactions are clearly indicated At the onset, it may be advisable to distinguish between four 

27 Steiner, K Weltman’s Serum Coagulation Reaction in Cases of Dernntoecs and of 
Siphilis, Arch Dcrinat & Sjph 46 87 (Jul>) 1942 

2S Gray, S J Studies on the Iilechanism of the Spinal Fluid Colloidal Gold Reaction, 
Proc Soc Exper Biol & Med 51 401 (Dec) 1942 

29 Kabat, E A , Moore, D H , and Landow', H *\n Electrophoretic Slua% of the 
Protein Components in Cerebrospinal Fluid and Their Relationship to the Scrum Proteins, J 
Clin Im estigation 21 571 (Sept) 1942 

30 Eagle, H Biologic False Positne Serologic Te^ts for S}phiii‘:, editorial. Am J Sjpii, 
Conor & Yen Dis 26 641 (Sept ) 1942 
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types of reagin, some of which may ultimately pro\c to be identical (a) The flocculating 
factoi present in minute traces in many normal human sera, (b) the ‘reagin’ present in the 
occasional human scrum in amounts suflicient to give positne or doubtful diagnostic tests, 
(c) the ‘reagin’ elaborated in the course of such nonsyphilitic diseases as leprosj, malaria, 
cowpox, and infectious mononucleosis, to mention onl> a few, and finalh, fd) the ‘reagin’ 
elaborated m the course of syphilitic infection 

Corollary to the possible chemical identification of the serum coinpoiicnts responsible for 
the seicral ttpes of reactivity, studies should be earned out on the fractionation of crude 
tissue extracts used as ‘antigen’ m the Wassermann and flocculation tests , for it is possible that 
the different types of ‘leagin’ react with different substances in those extracts 

False Positive Reactions Following Routine Ininiunicatwns — A.Iteiations in the 
blood seium bi ought about by loutine United States Army immuni7ing procedures 
against various diseases (smallpox, tjphoid, }ellow fever and tetanus) have been 
shown by Arthui and Hale to influence the results of the Kahn flocculation cest 
foi syphilis Seiologic tests were pei formed on 94 recruits w'ho had received 
loutine Aimy preventive inoculations Of those studied, 14 (14 8 per cent) w^ere 
found to have temporarily positive Kahn reactions This change persisted for one 
oi two months and then disappeaied It is not possible to determine from the data 
given whethei the falscl}' positne serologic reactions lesulted from any one of 
the inoculations or from the combination of all foui 

Because of the extensive use of serologic tests for sjphihs among militai} 
seivice personnel wdio may have received preventive inoculations shortly before 
the observation that temporarily falsely positne reactions for sjjihihs maj result 
from these inoculations is a timely contribution to the serodiagnosis of syphilis 

False Positive Reactions Folloxoing Smallpox Vaccination — Favoiite - has 
confirmed the obseivation that smallpox vaccination ma) cause a falscl} positne 
seiologic reaction foi s}philis A group of 202 medical students and nurses know'n 
to have negative serologic reactions w'ere vaccinated and rcpcatcdl} tested with 
Kolmei, Kahn and Ma77ini tests Twenty-foui persons (118 per cent) had 
positive leactions at one time oi another followung the caccination The patients 
wuth positive reactions were retested every tw’o w’eeks There was a gradual 
diminution in the intensity of the reactions until all became negatne bv the end of 
one hundi ed and twenty days 

Lubitz considers smallpox vaccination an important cause of biologic false 
positive serologic reactions foi syphilis He has perfoimed serologic tests on 
100 pel sons wdiose vaccination resulted m primary “takes” Of these, 13 gave 
positive leactions Theie w'as no consistent evidence of heterophile antibody 
formation, and the Kahn veiification test gave no conclusive indication that these 
w'ere false positive reactions 

Specificity oj Seiologic Reactions Dining Piegiiancy — In the earlier hteratuie 
on serodiagnosis, the belief frequently w'as expiessed that dining pregnancy sero- 
logic tests foi syphilis were unreliable That this belief is entiiel}’’ false is again 
substantiated by the data of Kandler®* Seveial difteient technics w^ere used in 
the study of 10,354 pregnant women, and no evidence w'as found that eithei the 
sensitivity oi the specificity of the seiologic proceduies w’^as impaired 

31 Arthur, R D , and Hale, J M Biologic False Positive Tests for Syphilis Associated 
with Routine Army Immunizations, Mil Surgeon 92 53 (Jan ) 1943 

32 Favorite, G O Effects of Smallpox Vaccination (Vaccinia) on Serologic Tests for 
Syphilis, Proc Soc Exper Biol & Med 54 297 (April) 1943 

33 Lubitz, J M Serologic Reactions Following Smallpox Vaccination, Proc Inst Med 
Chicago 14 343 (Feb) 1943 

34 Kandler, H Ueber die Zuverlassigkeit der Seroreaktionen aiif Syphilis bei Reihen- 
untersuchungen von Schwangeren, Arch f Dermat u Syph 181 315, 1940 
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False Positive Reactions in Infants and Children — Surve}ing the results of 
appi oximately 26,700 flocculation tests for syphilis made in pediatric service. Hill 
found 114 tests made on 37 patients which elicited proved false positive or false 
doubtful reactions A majoi poition of the nonspecific leactions noted in the study 
occurred in patients with infections of the respiratoiy tract m particular and acute 
infections in geneial, but occasional false doubtful and false positive reactions 
occuired with a vaiiety of other conditions 

Seiologic Reaction Appioacliing “Unweisal Sensitivity'' — Kahn and his 
co-woikers have studied the extent to which it is possible to inciease the number 
of false positive i eactions given by a serodiagnostic test by increasing the sensitivity 
of the test The use of excessively sensitive antigens gave as high as 40 per cent 
false positive i eactions The use of such antigens with the test performed at 1 C 
resulted m about 80 per cent false positive reactions When, m addition, unheated 
seiums weie used (lathei than serums heated for thirty minutes at 56 C ), the 
nonspecific sensitivity approached 100 pei cent These findings suggest to the 
authois the existence of a universal serologic reaction which may affoid the basis 
for false positive reactions obtained with serodiagnostic tests 

“Venficatwn" Tests — A new method purporting to “verify” the results of 
questionable sei ologic tests foi syphilis is described by Kahn This new procedure 
is based on the effect of different concenti ations of electrolytes on the flocculation 
reaction 

A higher titei on serial dilution with 2 5 per cent solution of sodium chloride 
than with 09 per cent concentration denotes, according to the author, a “syphilitic 
type” of reaction, whereas a highei titei on seiial dilution with 0 9 per cent salt 
solution than with 2 5 pei cent concentration denotes a “geneial biologic (non- 
syphilitic) type” of reaction 

This new “verification” proceduie has not yet been applied to any large series 
of cases, and its ultimate place in the seiodiagnosis of syphilis, therefore, awaits 
furthei study Its piecursor, based on variations in reactivity at different tem- 
peratuies, has not been widely accepted 

Carter believes the differential temperature “verification” test procedure can 
be impioved by the use of parallel quantitative reactions run at tempeiatures 37 
and 1 C , thus furnishing a contrasting lelationship of the strength of the reactions 
of a seium at the two tempeiatures 

Briceno RossH® has attempted to distinguish seium leagin due to syphilis 
from that due to yaws and pmta by using Kahn’s differential temperature “verifi- 
cation” test In general, the serums of patients with yaws or pmta gave the 
“syphilitic” type of reaction lather than the “general biologic” type Serums fiom 
30 lepeis were also tested 19 gave negative reactions, 4 gave equally positive 
reactions at 37 and at 1 C , 3 gave the “syphilitic” type reaction and 4 the “general 
biologic” type 

35 Hill, A Nonspecific Serologic Reactions for Syphilis in Infants and Children, J 
Pediat 21 207 (Aug ) 1942 

36 Kahn, R L , Marcus, S , McDermott, E B , and Adler, J Serologic (Nonsyphilitic) 
Reaction Approaching Universal Sensitivity, J Invest Dermat 5 459 (Dec) 1942 

37 Kahn, R A New Verification Method in Serology of Syphilis A Preliminary Report, 
Univ Hosp Bull , Ann Arbor 8 45 (June) 1942 

38 Carter, B B The Use of a Quantitatne Test in Verification Procedures, Am J 
Syph , Conor & Ven Dis 26 629 (Sept) 1942 

39 Bnceno Rossi, A L El valor del verifications test, en la serologia del carate o mal del 
pinto y buba (plan o yaw), Rev san y asist Soc 8 153 (Feb) 1943 
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False Negative Serologic Reactions — Many lecent publications have stressed 
the importance of false positive seiologic reactions for syphilis Souders"*® 
pioperly notes that theie may be false negative reactions as well Seiiim fiom a 
syphilitic patient with active manifestations of the disease may give a negative 
reaction fiom laboratoiy error, because of low sensitivity of the test used, when 
the infection had existed for many years and if theiapy had been employed Othei 
causes not mentioned by Souders include the occurrence of a zone phenomenon and 
the occasional finding of a person whose response to syphilitic infection does not 
include the elaboration of reagm 

PREVALENCE OF SYPHILIS 

The Piohlem of Measin enienf — Inherent in any program to control syphilis is 
the pioblem of measuring the frequency of the disease and its trend in relation to 
that program over a period of j^cars Attempts at measurement in the past have 
not been generally satisfactor}^ either because the data on which they were based 
were not reliable or because the significance of those data was not properly 
interpreted 

Turner discusses some of the underlying principles of the measurement of 
syphilis He points out that in the measurement of the frequency of the disease, 
data related to incidence (the rate at which persons are being infected) must be 
differentiated from data related to pievalence (the accumulation of affected persons 
in the community) 

Factors other than the actual fiequency of syphilis may cause variations in the 
crude incidence and prevalence rates Moreover, changes in the group under 
study may result in variations in the frequency of syphilis quite independent of 
the operation of control measures Unless correction is made for these variables, 
data for one year may not be comparable with those of another The principal 
variable factors are those i elated to the individual patient (variable cnteiia for the 
diagnosis of syphilis, variation in sensitivity and specificity of serologic tests) and 
those related to the group being studied (race, sex, age, social and economic factors, 
selection of patients included m the study group) 

The author reviews recent studies on the incidence and prevalence of syphilis 
in the United States, concluding that most aie so weighted with selective factors 
of one sort or another that direct comparisons from year to year to determine the 
tiend of the disease cannot be made 

Discoveiy Rates — Each year in a given community a certain number of cases 
of syphilis are discovered medically for the first time When the number of these 
newly discoveied cases is i elated to the population of the community, discovery 
rates may be derived, and these rates may be used as one index of the tiend of 
the disease within the community 

A discussion of the reliability and significance of such discovery rates obtained 
from the study of an urban area ovei a nine year period fiom 1932 to 1940 
inclusive has been given by Turner and his co-workers 

In the Eastern Flealth District of Baltimore, the mean annual discoveiy rate 
for all cases among Negroes was 26 7 per thousand of population and among white 

40 Souders, C R The Importance of False Negative Blood Tests for Sjphihs, Laliey Clin 
Bull 3 27 (July) 1942 

41 Turner, T B Studies on Sj'phihs in the Eastern Health District of Baltimore City 
I Principles Concerned in Measuring the Frequency of the Disease, Am J Hyg 37 259 (May) 
1943 

42 Turner, T B , Dyar, R , Clark, E G, and Birkhead, M F Studies on Syphilis in 
the Eastern Health District of Baltimore City II Discovery Rates as an Inde^ of Trend, Am 
J Hyg 37 273 (May) 1943 



REYNOLDS ET AL— SYPHILIS 


649 


persons 1 41 per thousand Among white persons the mean age-specific discover} 
rate was highest for the age group 25 to 34 years Among the Negioes the highest 
rate was m the 20 to 24 year group Among both racial groups, the age-specific 
discover}’^ rates foi females were higher than those for males in the younger age 
group and lower after 25 years For all ages, the late foi white females was 
slightly lower than that for males, but among Negroes, there was not any significant 
difference between the total rates for males and females In general, Negroes 
tended to be infected at an eailier age than white persons, and the females of each 
race tended to be infected at an earlier age than the males 

With legard to the trend of syphilis m the district, the following conclusions 
are drawn (1) A substantial reduction m the occurrence of congenital syphilis 
was noted duimg the study period, (2) among white persons a significant decline 
m the mean annual discovery rate occurred, (3) among Negroes there was no 
convincing evidence of a downward trend m the disease Discovery rates for 
total cases of syphilis and discovery rates for cases of eaily stages showed an 
upward trend 

Fiequency oj Syphihhc Lesions at Autopsy — A significant contribution to the 
knowledge of the prevalence and the ultimate outcome of syphilitic infection has 
been made by Rosahn and Black-Schaffer, who have made an extensive and well 
planned study to correlate clinical and postmortem observations on 5,300 patients 
at the New Haven Hospital 

Their fiist paper,^® as yet unpublished but summarized in their second, is 
devoted to a review of the literature on the frequency of the changes attributed to 
acquired syphilis in autopsies on persons over 20 years of age It was found that 
changes attributed to syphilis observed at autopsy by 17 investigators varied from 
a low incidence of 2 6 per cent to a high of 29 5 per cent, with a combined average 
of 5 45 per cent among 146,761 adults Analyzing the discrepancies between the 
findings of different investigators, the authors conclude that the differences are 
laigely based on variability in the histologic changes considered to be evidences of 
syphilis 

For their own data, Black-Schaffer and Rosahn reviewed 5,300 postmortem 
examinations performed at the Yale University School of Medicine, of which 3,907 
were on patients aged 20 years or more Three hundred and eighty of the 3,907 
patients (9 7 per cent) had clinical, laboratory or postmortem evidence of syphilis 
The punch card code used in the study is described in detail In their third paper, 
Rosahn and Black-Schaffer discuss the prevalence of the anatomic changes 
produced by syphilis in adults In the group of 380 syphilitic patients weie 156 
persons with morphologic lesions of syphilis Of the 224 remaining patients, 
without lesions at autopsy, about half had never received treatment, and a majority 
had had the diagnosis made by serologic tests alone Ninety of the 156 patients 
with anatomic lesions died primarily as a lesult of syphilis In the authors’ experi- 
ence, 3 out of 10 pel sons with syphilis diagnosed by clinical methods had sig- 
nificant lesions in the tissues, and 1 out of 5 died theiefrom 

Syphilitic lesions were fiom two to four times as frequent in Negioes as in 
white persons Nevertheless, the syphiltic Negioes appeared no more likely to 

43 Rosahn, P D , and Black-Schaffer, B Studies in Syphilis I Review of the Incidence 
of Syphilis in Autopsies on Adults, Arch Int Med 72 78, 1943 

44 Black-Schaffer, B , and Rosahn, P D Studies in Syphilis II ^Methods of Analysis 
of Yale Autopsy Protocols, Including a Code for the Punched Card Study of Syphilis, Yale 
J Biol & Med 15 575 (March) 1943 

45 Rosahn, P D , and Black-Schaffer, B Studies in Syphilis III Mortality and MorbidiU 
Findings in the Yale Autopsy Series, Yale J Biol & Med 15 587 (March) 1943 
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have demonsti able lesions and had no gieatei chance of dying fioni the disease 
than the white patients The mean age at death of syphilitic and of nonsyphilitic 
Negioes was identical, but both of these two gionps died at a significantly earliei 
mean age than white persons of compaiable categoiies This observation suggests 
that the shorter life expectancy of Negioes as contrasted to white persons may be 
due not to the greater fiequency of s}philis among Negioes but rather to non- 
specific social and economic influences which adversely affect their life span 

Sex appeared to have an influence on resistance to the tissue changes of late 
syphilis, since syphilitic males with lesions at autopsy constituted 4 7 per cent of 
the male population, whereas syphilitic females with lesions weie only 2 7 per cent 
of the female population, and 44 per cent of the males had demonstrable lesions, 
in contiast to 33 pel cent of the females 

In w'hite patients, the mere fact of sjphilitic infection appeared significantly to 
1 educe longevity, legaidless of whether or not tissue lesions resulted 

Prevalence of SypJuhs in Selectees — ^The Selective Training and Service Act 
of 1940 lequires a routine serologic test foi syphilis as part of the general exami- 
nation of every draftee and volunteer Copies of the reports are foi warded to the 
United States Public Health Senice An anal} sis of 1,895,778 such reports on 
men of draft age has been made by Vondeilehr and Usilton 

The late of prevalence of syphilis (based on positive and doubtful leactions to 
serologic tests) among the selectees examined is 45 3 per thousand Among Negro 
selectees, the rate of pievalcnce is 252 3 per thousand, and among w'hite selectees, 
17 4 per thousand In those localities where rates among Negroes are highest, 
the rates foi white peisons aie relatively higher than in areas where the lates 
among Negroes are low 

Analy7ed geogi aphicall} , the highest pievalence rates are found m the South- 
eastein states, the low^est, m the New England, West Noith Central and Middle 
Atlantic states Among selectees fiom rural areas, the rate of stphihs pievalence 
IS 43 8 per thousand, foi those fiom urban communities, a somew'hat higher rate, 
46 1 per thousand, is recoi ded 

As might be expected, syphilis is more prevalent in the older age gioups For 
example, wdiite uiban dw'ellers had a late almost four times higher m the age group 
31 to 35 years than in the age gioup 21 to 25 }ears This, of coiiise, does not 
mean that oldei men moie frequently aie exposed to syphilitic infection, but 
indicates rathei that thcie is an accumulation of umecognized infections in the 
older age groups 

The information gained fiom the routine serologic testing of diaftees is of 
gieat inteiest to the epidemiologist, and of piactical v'alue in determining where 
venereal disease contiol activities should be concentrated The anal} sis of these 
serologic tests is indeed the most accuiatc infoimation av^ailable as to the prevalence 
of syphilis in this country 

Pi evalence of Syphilis Among Negi oes — As Smillie points out, the most 
extraoi dinary fact brought out by analysis of the results of serologic tests on 
selectees is the high pievalence of syphilis in the Negro In all parts of the United 
States the late m Negro men is at least ten times highei than in white men 

The geographic distribution of the disease bcais a diiect lelationship to the 
distribution of the Negro population of the nation States with a large population of 

46 Vonderlehr, R A , and Usilton, L J Syphilis Among Men of Draft Age in the United 
States, JAMA 120 1369 (Dec 26) 1942 

47 Smilhe, W G Syphilis in the United States Primarily a Negro Problem, JAMA 
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Negroes have the highest syphilis rates Furtheimore, those states having highest 
syphilis lates in Negioes concomitantly have a highei than average syphilis rate 
in white men Thus, the major syphilis pioblem in the United States at the 
piesent time centers m the high pievalence of the disease in the Negio 

Compaiisons of syphilis prevalence in the United States and in othei nations 
are not valid unless the data presented are tiuly comparable When so inteipieted, 
it becomes clear, says Smillie, that in the white population of the United States 
there is a syphilis late that compaies favoiably wuth that of any nation in the 
w^orld 

Fiom the point of view of the public health administrator, the issue is cleancut, 
he must attack the disease most vigoiously w^here it is most pievalent Since 
syphilis IS moie than ten times as prevalent in Negroes as in wdnte peisons, ten 
times as much emphasis should be placed on control of the disease in the Negro 
race 

Biumfield, Lade and Feldman^® discuss the prevalence and trend of syphilis in 
New Yoik state (exclusive of New York city) based on five years’ expeiience with 
improved morbidity reports Ovei the entiie period, 79,991 cases of syphilis weie 
reported, of which 71,001 (89 per cent) were classified as instances of acquired 
syphilis Of these cases of acquired syphilis, in only 11 pei cent w^as the disease 
stated to be m an early stage Prevalence and attack lates weie lower in the 
females than in the males, but the age distiibution was essentially the same foi 
the two sexes 

A piogiessive decline in the number of cases of early syphilis repoited and in 
prevalence and incidence lates was observed during the five year peiiod of study 
The decrease was proportionately greatei for younger persons, a significant find- 
ing, since in this gioup there is a preponderance of infectious lesions Notable 
also IS the observation that the decline was more pronounced m cities of 10,000 
population and over, in which greater effort was made to contiol the disease 

Actual ml Data — Actuarial data which have been used as an index of pievalence 
of syphilis are by no means satisfactory There is a tendency to conceal sypliilis 
as a cause of death Autopsy studies give no indication of the number of patients 
who have been “cured,” whether spontaneously or as a result of antisyphilitic 
treatment 

In the years 1917 to 1940 inclusive, the adjusted death rate for syphilis for 
white policy holders of the Metropolitan Life Insurance Company has shown 
an average annual decrease of 3 9 per cent and for Negio policy holdeis an 
inciease of 0 5 per cent per year The adjusted death late in the fiist five years 
of this peiiod was 14 0 per hundred thousand for white persons and 34 0 for 
Negroes , m the last five years, 7 0 and 37 3 respectively 

The reviewers cannot, however, refrain fiom commenting that existing actuarial 
information concerning syphilis is inaccuiate, inadequate and incomplete To 
estimate the hazard of death from “syphilis” by lumping together in a single group 
persons with early and latent syphilis, for whom the prognosis after adequate 
treatment is exceptionally good, and those with late lesions (esjiecially cardiovascular 
and neurosyphilitic), for whom the prognosis after any sort of treatment may be 
exceptionally bad, to fail to consider the adequacy of ti eatment and to base actuarial 
opinion on serologic standards which are rapidly becoming obsolete and outmoded 

48 Brumfield, W A , Lade, J H, and Feldman, L L The Epidemiology of Syphilis 
Based upon Five Years Experience in an Intensive Program in New York State, Am J Pub 
Health 32 793 (Aug ) 1942 

49 The problem of Syphilis, Statist Bull Metrop Life Insur Co 23 8 (Oct ) 1942 
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constitute thoroughly unsound actuarial as well as medical practice, and work 
a profound injustice on many applicants for life insurance The entire subject 
of the actuarial hazard of syphilis is badly m need of review by a joint 
group of clinicians, serologists, pathologists, actuarial experts and independent 
statisticians 

Syphilis Among Alien Seamen — Among alien seamen examined at the New 
Yoik Quarantine Station, reports Buiow,®° the discoveiy rate of syphilis began to 
use towaid the end of 1939, reached a peak in the fall of 1940 and has been 
maintained at a consistently high level since then, being roughly at three times 
the prewar level Since May 1941, the discovery rale foi gonorihea has decreased, 
probably because of the increasingly large numbei of foieign vessels that carry 
and utilize sulfonamide compounds 

EPIDEMIOLOGY 

A method of s3^philis case finding which has received considerable emphasis in 
lecent years is that of contact investigation, particularly' as applied to cases of 
infectious early syphilis 

Mcllhany and Smith sti ess the importance of concentrating efforts at contact 
investigation on patients with early syphilis The disease being more transmissible 
duimg the fiist y'ear of infection epidemiologic studies are most productive if 
confined to cases of primary' and secondary' and early latent syphilis of less than 
one year’s duration 

Writing on the epidemiology of communicable venereal disease. Goodman '* 
metaphorically compares contact investigation to individual sharpshooting, and 
screening procedures to spraying the skies uith shot to bring down unmarked 
birds The essential steps m contact investigation are listed as (1) selection 
of the patient to be interviewed, (2) inhoductwn to determine the patient's 
identity, (3) levelahon of contact information, (4) confirmation of the informa- 
tion revealed, (5) localization of suspected contacts, (6) mveshgahon to determine 
whether the suspect is infected, and (7) verification of the infected contact as the 
source of infection 

Most published studies relating to contact investigation have dealt with the 
ultimate success of the procedure m terms of infected persons found per original 
case Few attempts have been made to analyze the effectiveness of various types 
of efforts m achieving the desired end in investigations of this ty'pe Packer, 
McGmnes and Puffer have sought to delei mine the efficacy of the various 
technics applied to contact investigation In their experience, a home visit in 
which the contact was interviewed was successful m 81 3 per cent of cases When 
the contact was not seen but some one else in the household was interviewed, 
the percentage of success dropped to 560 per cent Telephone calls to the 
contact’s employer were quite successful (58 3 per cent), and telephone calls to 
the contact achieved 54 3 per cent success Letters were less useful, being suc- 
cessful for 47 2 per cent of addresses A study of the cumulative success of 
epidemiologic efforts on contacts shows that w'hen success is achieved it usually 
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results from the first two or three efforts, with 71 4 pei cent of the ultimate suc- 
cesses following the fiist effort (table) 

Development of the venereal disease control program in the city of New York 
has resulted in the evolution of certain practical procedures and technics, whicli 
are detailed by Rosenthal and Goodman Effective case reporting with careful 
epidemiologic follow-up of infectious patients forms the coinei stone of the control 
program, although rehabilitation of infected selective service registrants and efforts 
to facilitate control of syphilis in industiial establishments have received consider- 
able attention A central tabulating unit has been found valuable in case holding 
and in contact investigation 

Case Holdtng — problem of control of syphilis more oi less peculiar to that 
disease is the difficulty of keeping patients under treatment until adequate treat- 
ment has been effected The reasons why patients become delinquent in their 
treatment and modalities of restoring them to treatment aie exemplified by an 
analysis of 5,130 delinquencies 

The leasons foi delinquency were most often leaving the country, illness 
other than that due to treatment, working at the time of clinic sessions and 

Successful Contact InvesHgations Accoidmg to the Number of Epidemiologic Effoits Made 

(Packer, McGtnnes and Puffer 
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reactions to treatment In all, 38 2 per cent of these delinquent patients ultimately 
were restored to treatment The type of follow-up effort that achieved the 
greatest success was a home visit in which the patient himself was interviewed 
Of the patients who were restored to treatment by follow-up effort, 89 per cent 
were restored after the first effort and 98 per cent after the second effort Addi- 
tional efforts did not prove feasible 

Since Jan 1, 1936, the law for premarital serologic tests for syphilis has 
been in effect in Connecticut Talbot has analyzed the results of the legal 
requirement for piemarital blood tests over a seven year period In this period, 
750 men and 690 women were found to have positive reactions — a prevalence 
rate for both sexes of 14 1 per thousand marriages About 50 per cent of the 
persons applying for marriage licenses who had positive serologic reactions and 
were given a diagnosis of syphilis were not aware of the infection Since the 
law has been in opeiation, the number of cases of congenital syphilis in the state 
has decreased progressively The marriage rate per thousand population decreased 
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m 1936, the fiist year the law was in eflect, but since then has iiici eased steadily, 
to become moie than twice as gieat in 1942 as in 1932 

The authoi considers the law effective as a case-finding procedure, as 
setting a precedent foi physicians and fuinishing an incentive for making routine 
serologic tests, as a measuie for reducing the incidence of congenital syphilis, 
and as a means of educating the general public about syphilis 

Mahoney outlines the approved mannei of complying with the provisions and 
lequiiements of the statutes in force in vaiious states m regard to premarital 
blood testing Twenty-nine states require piemaiital lilood tests Those states 
which do not arc Alabama, Arizona, Arkansas, Delawaic, District of Columbia, 
Floiida, Geoigia, Idaho, Kansas, Maiyland, Alinnesota, Mississippi, Missouri, 
Montana, Nebiaska, Nevada, New Mexico, Oklahoma, South Carolina and 
Washington Of the states demanding a premaiital blood test, all will accept 
a single standaid oi acceptable test with the exception of Pennsylvania, which 
lequiies that both a flocculation and a complement fixation test be employed 
The following states vill accept reports of sciologic tests performed in the 
laboi atones of the aimed sci vices and of the United States Public Health Service 
and vill permit the commissioned medical officeis of the services to collect the 
specimens of blood and pci form physical examinations California, Colorado, 
Indiana, Iowa, IMichigan, New Jersey, New York, Rhode Island, South Dakota, 
Utah, Yeimont, and Yiigmia Infoimation regarding the requiiements of the 
othei states demanding picmarital tests is cariable A brief digest of the lequirc- 
ments of each is given m the piescnt article 

Sciologic Surocys — In control of syphilis, methods of case finding which have 
a wude field of application and which bring under treatment a laige number of 
infectious persons are those w Inch should be stressed As Packer points 
out, the method or combination of methods w'hich w'lll achieve this end most 
effectively m any community can be detei mined best by actual application and 
subsequent analysis of the lesults Each community has its ow'ii peculiar popula- 
tion characteristics and its owm pioblems Avith legaid to case finding The autlior’s 
experience in Memphis and Shelby County, Tenn , indicates that in aieas of 
high prevalence of syphilis, particularly when a consideiable proportion of the 
population IS Negro, the group appioach through loutine examination of large 
sections of the population should be stressed 

Seiologic sun^eys have been w'ldcly used as a means of discovering cases of 
syphilis Such surveys provide a method for determining the prevalence of 
syphilis in selected population gioups They seiwe also as a valuable medium of 
education Many different gioups have been surveyed by routine blood tests 
In surveys among labor groups the usual proceduie is for the employer to act as 
the sponsoimg agent Koch and Merrill®® report the results of a survey in which 
the approach was made through the laboi organization w'lthout reference to 
employei groups Serologic tests were entirely voluntaiy, and of the total union 
membership m the areas surveyed, only 4 pei cent had tests made Of 8,027 
persons tested, 336 (4 1 per cent) w'ere found to have positive serologic reactions 
Of 133 of this number fully studied, 71 5 per cent were persons whose infections 
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weie newly discoveied The costs of the survey were recorded For each previously 
unknown case of syphilis discovered the cost was approximately §42 

Because of wartime demands for blood plasma, more serologic tests for 
syphilis than ever befoie aie being performed on prospective blood donors Noting 
the case finding value of these tests, Frye, Keller, and Kampmeier°° have 
sought to deteimine by the questionnaiie method what is being done about the 
donois found to have positive or doubtful reactions Of 603 hospitals from which 
lephes to the questionnaiie weie received, 6 5 per cent did not test blood donois 
for s 5 ^philis before then blood was used Of those hospitals testing donors, 12 5 
per cent had no method for notification of the donors found to have positive or 
doubtful reactions The peison or agency responsible for notifying donors and 
the method of notification varied according to the size of the hospital and the 
type of admmistiative control Most commonly, lesponsibility foi notification of 
donois devolved on the private or attending physician 

The findings indicate the need m many hospitals for a moie definite system 
wheieb}'- piospective blood donois found to have positive or doubtful seiologic 
reactions for syphilis may be notified of the result of the test in order that 
they may receive prompt and adequate examination and tieatment The authors 
recommend that hospitals report such persons to the responsible health depaitmeiit 
as suspected of having syphilis The health department then could arrange foi 
pioper disposition 

State Consultation Seivice — When oiganizations for control of syphilis depend 
to a gieat extent on the piivate practitioner to uncover most and treat about 
half of the existing peisons with syphilis, any proceduie that holds promise 
of improving their lole must be seriously consideied The provision of consultation 
service along definitely formulated lines offers an opportunity in this legard 
Because of the magnitude of the task, the health department is the proper agency 
to assume the responsibility of piovidmg the service 

Within the past few yeais there has been a trend towaid the creation 
oi improvement of existing facilities for furnishing syphilis consultation services 
to private physicians Four state health departments already have provided 
this service by incorpoiating full time consultants within then divisions of 
venereal disease control Kroll has analyzed the opeiation and results of this 
seivice m the state of New York An intensive consultation seivice pioperly 
decentialized and actively promoted gave promising results Of 826 physicians 
apprised of the availability of the service by letter, 105 responded by indicating their 
desire foi consultation Assistance was leadily accepted by an additional 218 
physicians of a total of 334 who weie visited without invitation 

Questions most frequently asked of the consultants weie those involving late 
latent syphilis, diugs and neui osyphilis Questions on early syphilis, congenital 
syphilis, interpretation of seiologic repoits, infectiousness, pregnancy and cardio- 
vasculai syphilis wei e frequent in the order named 

Role of the Phaimacist m Syphilis Conti ol — An editorial wiiter,®^ discussing 
the role of the pharmacist in contiol of venereal disease, states 

The pharmacist himself is more aware than anyone else of his responsibility to the com- 
munity m assisting the health authorities m the urgent task of bringing venereal disease 
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patients under propel treatment Through his professional organizations, notably the 

Amei lean Pharmaceutical Association, and with the cooperation of the American Social Hygiene 
Association, the pharmacist has demonstrated a willingness to take an active part in the national 
program for the control of syphilis and gonorrhea 

By participating m the program for venereal-disease control , the pharmacists of 
this country will strengthen public confidence in their profession At the same time they 
will know personally that their efforts are being given toward the elimination of the venereal- 
disease scourge, both for the best interests of the civilian population and for the greater 
fighting efficiency of the armed forces of the Nation 

SYPHILIS AND Tlin WAR 

Wm func Vena eal Disease Conti ol Civilian Aspects — In the wartime program 
for control of venereal disease, Americans are, as Vonderlelir indicates, well 
prepared, since the fundamental principles of contiol already have been estabhshd 
It remains necessary, how'ever, to apply these principles promptly and fully, that 
the campaign be aggressive and unified and that there be unanimous support of 
the public, of the medical profession and of tlie public health groups 

As minimal services, the health department must supply collection and 
analysis of morbidity data, adequate laboratory services, an effective contiol 
program foi industry , organization and supervision of clinic services and epidemi- 
ologic procedures, adequate follow'-up sei vices for men examined under the 
Selective Service System, utilization of routine seiologic tests as a case finding 
procedure , development by means of an effective educational program of the support 
and understanding of the public and of all interested scientific groups, and 
encouragement and support for law^ enforcement agencies m the repiession of 
prostitution 

The physician wdio manages patients w'lth venereal disease privately or in the 
clinic must provide for treatment to obviate infectiousness and for the examination 
of contacts The weakest links in the venereal disease control program, according 
to the author, are case finding through routine epidemiologic procedures, and 
case holding until the treatment has been completed A greater number of ade- 
quately trained follow-up w^orkers cleaily is needed 

The role of the Army and the Navy in contiol of veneieal disease includes 
provision for qualified professional personnel, abolition of punitive measuies foi 
the acquisition of venereal disease , modification of the policy of compulsoi \ 
hospitalization for uncomplicated veneieal disease, educational measures, super- 
vision of prophylaxis, and coopeiation Avitli othei interested groups wnthin the post 
and in the civilian community The public-spirited citizen interested m social 
hygiene also contiibutes to the success of the piogiam, chiefly by fostering general 
understanding and support through educational methods 

Vonderlehr further describes some of the problems occasioned b} the 
venereal diseases m time of w'ar Provisions for early diagnosis and facilities foi 
the institution of prompt treatment exist m almost all areas with full time local 
health services, but a scarcity of trained personnel has handicapped the follow^-up 
program The routine serologic examination of selectees has placed an additional 
strain on epidemiologic facilities, foi the pressing need for men necessitates piompt 
rehabilitation It is the obligation of the health officer and the physician in private 
practice to bring the infected selectees under treatment Vonderlehr says 

In all history, war has opened the gates to pestilence Venereal disease strikes first, and 
its wounds are often the last to heal At the present time, the United States is better prepared 

63 Vonderlehr, R A Individual Support in the Unified Wartime Venereal Disease 
Control Program, Am J Syph , Conor & Ven Dis 26 661 (Nov ) 1942 

64 Vonderlehr, R A The Impact of the War on the Venereal Disease Problem, New 
England J Med 227 203 (Aug 6) 1942 



REYNOLDS ET AL —SYPHILIS 


657 


than ever before to wage an effective campaign against gonorrhea and syphilis Tolerated 
prostitution and failure to apply promptly modern medical knowledge are the most vulnerable 
points in this field of medicine 

Stressing the relationship between the practicing physician and the health 
depaitment in control of veneieal disease in wartime, Vonderlehr®^ indicates 
that the emergency pioblem is to get infected selectees and their contacts m 
condition for military service and essential war work m the shortest time possible 
The health department should teach the public the causes, the prevention and 
the treatment of venereal diseases , provide laboratory services and drugs , keep 
persons known to be infected under treatment by private physicians or at clinics 
seek out persons who are sources of infection and bring them under treatment , treat 
those who cannot affoid to pay and refer to practicing physicians all who can 
The physicians, for their part, aie asked to educate and treat their patients, to be 
ever on the aleit foi contacts and to report lapses from treatment as quickly as 
they occur 

Emerson pessimistically wi ites 

We may expect m the civilian as m the military population an increase in the direct and 
indirect effects of syphilis in this wartime unless there is something like a revolution 

in the social attitudes toward venery Every syphilitic person is an obstruc- 

tion to military and civil preparedness for national defense 

The author notes that the specific death rate among “oui mdustnal and wage 
earning men and women and their families,” the death rate per hundred thousand 
from syphilis, has decreased from 19 to 9 0 m the past twenty-five yeais The 
material from which these statistical data weie derived are not apparent from the 
article, but to the revieweis it seems unlikely that such precise figuies can be 
delineated 

Accoiding to Aselmeyer,®' the two conditions lesultmg from the war which 
overshadow other consideiations in the veneieal disease control program aie 
(1) the extraordinary mobility of both military and civilian populations and (2) 
the acute shortage of professional personnel m civilian areas Outlining the venereal 
disease control measures at present available, the author sti esses the role of the 
civilian physician, stating 

The war will bring to the physicians who remain m their communities overwhelming tasks 
comparable with the experiences of our colleagues in the Army and Navy One of the first 
tasks commanding the doctor’s attention is the control of venereal diseases in his community 
No matter how well we plan and execute a national attack, no matter how far we stretch 
the available funds, the control of these diseases is in the hands of the local physicians of the 
United States Neither the federal government nor the local health department nor the private 
physician, however, can accomplish this great task alone Together, we can bring venereal 
diseases under control and keep them under control 

Certain problems concerned with the contiol of venereal disease in wartime 
have been discussed by Stokes,®® to whom the application of recent scientific dis- 
coveries to the control program seems paramount The fallibilities of serodiagnostic 
tests and of dark field examination, intensive arsenotherapy, rapid cure of gonoi- 
rhea with sulfonamide compounds and mechanical and chemical prophylaxis are 
all discussed, together with the problem of morale as it relates to venereal disease 
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Rehabilitation of Selectees — An mquiiy®" to deteimine how many selectees 
1 ejected because of venereal disease have been put under treatment and after 
treatment have been inducted into military service has been made by tlie United 
States Public Health Seivice Thirty-three states leport that of the 178,884 
syphilitic selectees who were rejected, 114,337 (64 per cent) were under treatment 
on Dec 31, 1942 Of these, 81,632 had been placed under treatment as a 
result of the selectee examination, and the lemaining 32,705 had already been 
leceivmg theiapy The states report that 5,777, or 5 pei cent of the total number 
under treatment, have been inducted 

Role of the Public Health Nwse — The lole to be played by the public health 
nurse m vaitune control of venereal disease has been described by Pearce As 
mci easing numbers of physicians are drawn into the armed forces, nurses will 
be called on to perform under medical supervision more of the duties and 
functions normally carried out by doctors The demand for muses will be aug- 
mented with the development of artificial fevei theiapy and of lapid treatment 
schedules for antisyphihtic therapy 

To insure economical use of nuismg personnel. Miss Pearce lecommends 
( 1) the release of the public health nurse from many clerical and housekeeping 
duties thiough the use of volunteer or paid clinic assistants, (2) the employment 
of inactive nurses to assist with treatment, (3) the assignment of a minimum 
mimbei of public health muses or medical social workers, (4) increased emphasis 
on special consultative and educational services 

Because of the increased impoitance of veneieal diseases m time of wai, Burke’^^ 
believes that all public health nurses should spend at least pait of their time m 
tiacing contacts Discussing the objections w'hich have been raised to the use of 
general public health muses m veneieal disease control, she concludes that it is 
highly desirable for the geneial nuise to supplement the woik of the specialized 
nurses already m the field 

Of pai amount impoitance m wartime \eneieal disease control are follow-up 
and 1 ehabilitation of selectees rejected for armed servuce because of syphilis The 
wajs in which the nursing piofession can assist in this woik are discussed by 
Burns 

In interviewing the patient with syphilis, it is important, according to Bailey,"® 
to establish between the patient and the clinic a rapport on wduch lasting confidence 
may be developed The patient must sense a regard for his own welfare as well 
as for the welfare of others When the persuasive approach has won the patient’s 
confidence, he will cooperate m getting his contacts examined 

Wartime Veneieal Disease Conti ol Mihtaiy Aspects — An extensive and 
important review concerned with the prevention of venereal diseases m the Army 
of the United States has been made by Siler The first section of this monograph 
IS a statistical review of the incidence rates and prevalence of the venereal infections 
in the Army The second section concerns the preventive measures initiated within 
the Army in years past foi the control of these diseases Of greatest interest 
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are Siler’s comments on the practical value of the various control measures which 
have been tried during the past thirty years 

According to Turner/® the present venereal disease rates in the Army are 
substantially below those of World War I and only slightly higher than the rates 
for the preceding ten years of peace, but the rate of 40 per thousand for 1941 and the 
somewhat lower rate for 1942 are still excessive There are still too many soldiers 
being infected and too many selectees reporting for duty with venereal disease 
During the past two and a half years many important steps have been taken to 
mobilize the health foices of the country, both military and civilian, to meet this 
pioblem In 1940, the so-called eight point agreement was signed In the same 
year, the United States Public Health Service assigned a liaison officer to the 
headquarters of each service command to aid m the control of venereal diseases 
In April 1941, the Social Protection Section, Defense Health and Welfare Services, 
was organized, and later the Interdepartmental Liaison Committee on Venereal 
Diseases was created This committee comprises representatives of the Army, 
the Navy and the Public Health Service, the Social Protection Section and the 
American Social Hygiene Association Early in 1942 authorization was given foi 
the assignment of specially trained veneieal disease control officers to major 
headquarters of the Aimy Never before in the history of this country has the 
stage been so well set for a concerted attack on these diseases 

It has been learned that the control of venereal disease among troops must be 
a collaboi ative effect between military and civilian authorities The pioblem is 
primarily one of preventive medicine, the immediate task being to keep soldiers and 
workers well and effective It is agreed that commercialized prostitution is a 
breeder of venereal disease and should go Remarkable progress has already been 
made during the past two years in suppressing the most obvious and perhaps 
the most dangerous type of pi ostitution, that centered in the redlight district and 
the brothel 

It IS becoming increasingly evident that other forms of social misbehavior are 
beginning to play a prominent role in the spread of veneieal disease An ever 
increasing proportion of soldiers are being infected by pick-ups, tavern and dance 
hall girls and the like It is difficult to know just who is and who is not a prostitute 
The important element in the picture is not the individual woman but the business 
structure which makes it possible for a girl to expose numerous contacts Turner 
says 

To express this idea, Dr Donald Williams, of British Columbia, has coined a new phrase, 
“the facilitation process ” He maintains, and rightly, I believe, that we should cease speaking 
of prostitution m this connection, and concentrate our social and legal efforts on finding and 
suppressing the “facilitators” — the tavern keepers, the bell boys, the taxi drivers, and the 
owners of these businesses who facilitate the spread of venereal disease 

This approach appeals to Turner, who has been disturbed by the tendency in 
some places for law enforcement officials, often at the instigation of those concerned 
in control of venereal disease, to engage in a determined hunt for young girls 
to the exclusion of the more important job of getting at the facilitators 

A program for venereal disease control in a military camp is outlined by 
Lieberman,'® who discusses education, prophylaxis, case finding, treatment, cultiva- 
tion of cooperation with civilian agencies and establishment of cooperative relations 
with the military police and recommends certain desirable administrative measures 
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Worthy of special comment aie the data presented on the efficiency of station 
prophylaxis The author states 

Statistics available to me covering approximately 500,000 troops for the first half of 1942 
indicate that only 0 69 per cent of prophylactic treatments were ineffective in preventing the 
development of venereal disease in exposed soldiers 

It IS perhaps pertinent to object to the inclusion of the infected soldier’s name on 
the contact report forwaided to the civilian health department Moi cover, the 
practice of collecting mfoimation on contacts at prophylactic stations should be 
condemned, since it tends to dissuade men from taking prophylaxis The program 
outlined, however, is one which should eftectively lower the incidence of veneieal 
infections m mihtaiy establishments 

Educational Talks to Seivtce Petsonnel — All medical officers are charged 
with instructing the entiie personnel regarding the nature of venereal disease and 
waining them of the dangeis therefrom One of the most eftective measures foi 
education on venereal disease is a well planned and well delivered man-to-man 
discussion by the medical officei himself 

Reynolds discusses the salient featuics of educational talks to service 
personnel on venereal disease The most effective appeals are to the men’s sense 
of reasonableness and to their fear of the consequences of Aeneieal infection In 
outline, the talk should include an appropriate introduction, a brief description of 
the gemtoinfectious diseases, discussion of the common misconceptions about these 
diseases explanation of how and from whom venereal infections are acquired and 
spread, complete details of how they may be prevented and instruction on what 
to do if infection is suspected A catalog of venereal disease educational materials 
available to medical officers is appended 

Chemical Piophylaxis — It is well established that venereal infections can be 
prevented in most instances by proper chemical prophylaxis This fact is amply 
attested by the experiences of the Army and Navy On the other hand, the 
failuie of chemical prophylaxis in Ameiican civilian groups apparently is taken 
for granted Civilians fail to avail themselves of prophylaxis because of incon- 
venience, fear of publicity or embarrassment, and lack of compulsion 

Frantz believes successful chemical prophylaxis of the venereal diseases in 
the American civilians to be highly desirable In August 1941, the Sacramento 
(Calif ) City Health Department opened an experimental proph 3 daxis station foi 
civilians and military use Between Aug 14 and Dec 14, 1941, 4,163 standard 
chemical piophylactic treatments weie administered Male civilians received 2,062 
(49 5 per cent) and members of the armed forces 2,101 (50 5 per cent) of these 
treatments No coercive measure were used Both the civilian and the soldier 
attended the same station concurrent!)’’ and were served by the same attendant 
Certain minimal data were secured from each pei son receiving prophylaxis initials, 
time of exposure, time of prophylaxis, name of the consort and place of exposure 
Ninety-six per cent of the group named a prostitute as the consort The com- 
munity reaction to the establishment of the station was favorable Hotels, theaters, 
gasoline stations and civic institutions have peimitted the posting of advertising 
material m their rest rooms 

Control of venereal disease in the armed forces depends to a high degree 
on effective chemical prophylactic treatment that may be used after sexual inter- 
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couise One of the difficulties with this tieatment is that it may not be available 
neai the place where the exposure occurs This fact, together with certain othei 
objectionable features of “station” prophylaxis, has led medical officers to study the 
use of prophylactic kits 

Pelzman and StilF® leport that the prophylactic packet used at Fort Belvoir, 
Va , contains a soap-impregnated wash cloth, a tube containing silver piciate 
jelly (0 25 per cent), a tube with a mild mercurous chloride ointment and a 
cloth bag to protect the clothing In their small series of 374 soldieis who weie 
given prophylactic treatment with these packets, no infections with syphilis 
developed within eight weeks The authors believe that packet piophylaxis of 
venereal infection compares favoiabl}' with prophylactic tieatment admmisteied at 
pi oph) lactic stations 

Contact Repoitmg and Examination — An impoitant phase of contiol of 
leneieal disease is the discovery of unrecognized infections, especially those in 
the eaily and communicable stage Expeiience has shown that the seaich 
foi uniecogmzed infections is especially productive among peisons who have had 
intimate contact with infected peisons 

A summary of contact repoiting from the point of view of the medical officer 
IS made by Reynolds®*’ The proper reporting of the sexual contacts of seivice 
peisonnel infected with venereal disease piesupposes a knowledge of the leasons 
wh}'’ the names of contacts aie withheld and lequires a tactful sympathetic approach 
to the patient Care must be taken to differentiate “source of infection” from 
“sexual contacts ” A contact is defined as a person whose exposure to a patient 
during the period of possible infectiousness has been sufficiently intimate as to 
subject either to risk of acquiimg the disease Reports should contain as much 
information as possible about each contact and should be forwarded to the responsible 
cnilian authorities as soon as practicable 

An analysis of the data obtained by questioning infected senuce peisonnel at 
a large Army post is summarized by Barnes®^ Of 1,032 patients with venereal 
disease, 26 per cent divulged the full name of the sexual partner, and an additional 
15 pel cent gave the fiist name only The majority (50 per cent) of contacts named 
w^ere “pick-ups” oi free-lance prostitutes, and only 26 per cent were girls in 
oiganized houses of prostitution Hotels most often were the places where 
exposuie occuried, with automobiles and private homes next in order of fre- 
quency Gonorrhea occurred five times as often as syphilis, and 9 of each 10 
men acquiring one or the other infection had neglected to take piophylactic 
tieatment Over half of the men said they had had a prior infection m civil life 

The information obtained was used to determine where most of the infections 
were originating It served as a guide to the need for additional prophylactic 
stations and made it possible to call to the attention of the civil police authorities 
the need foi enforcement of local laws against commercialized and clandestine 
pi ostitution 

Effective control of venereal diseases m the armed forces requires close 
cooperation between the service organizations and civilian health agencies In no 
w^ay IS this mutual assistance better exemplified than in the epidemiologic investi- 
gation of the sexual contacts reported by infected service personnel 
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A novel expeiience m contact questioning is leported by Howard, Vahey 
and Wetherby®^ In Massachusetts, health depaitment nurses trained m epidemio- 
logic methods weie allowed to entei Aimy camps and Navy stations to question 
infected personnel as to then sexual contacts This expedient proved eftectual, foi 
wheieas previously medical officers had obtained adequate mfoimation m only 
13 per cent of the cases, the public health nurses weie successful 60 to 83 per cent 
of the time 

The data so gathered weie analyzed and utilized by the health depaitment foi 
further study When the information implicated prostitution or an allied activity 
lequirmg police control, it was forwaided to the responsible police agency Of 
193 contacts followed by the nuises, 89 6 per cent were found and placed under 
medical obseivation, 36 3 per cent of the 157 leferred to the police were appie- 
hended Two hundred and seventy-three contacts were refeired to other state 
health depaitments, and 27 5 per cent were found successfully (evidence of 
leasonably good cooperation among the state health depaitments) 

An analysis®® of venereal disease contacts leported from four states in the 
Ohio River Valley for the period ending July 31, 1942 suggests that the size 
of a city contiibutes more to the frequency of infection among military personnel 
than does its proximity to an Army camp The data indicate that the highest 
late is among cities of 100,000 population and ovei, and that rates in smaller 
cities decrease with the size of the city Some of the largest cities weie as much 
as 150 miles (240 kilometers) from a military establishment but weie leported, 
nevertheless, as localities where many infections ^\ere contracted Thus the lole of 
modern transportation facilities is indicated and the necessity foi a nation-uide 
contiol program emphasized 

SYPHILIS IN FOREIGN COUNTRIES 

England — In England,®^ a new defense regulation (33B) extends the powers 
available under the present law foi the tieatment of venereal diseases and enables 
compulsion to be applied m carefully defined circumstances 

Hitherto the arrangements foi the treatment of these diseases have been based 
on voluntary attendance foi treatment The new regulation leaves the voluntaiy 
basis unchanged, but provides foi compulsion, where necessary, to bring under 
treatment those pei sons who are impei vious to methods of education and pei suasion 
and who refuse to attend voluntarily for treatment although known to be infected 
and to be spreading infection 

Commenting on England’s new Defense Regulation 33B, whereby persons 
suspected of spreading venereal disease are compelled to undergo examination and 
treatment, the London conespondent of The Journal of the Ameucan Medical 
Association ®° writes 

In contrast with the compulsory treatment of venereal disease m other countries, the 
arrangement m this country has been based exclusively on voluntary attendance This is in 
accordance with that respect for the freedom of the individual which is characteristically 
British But here the obvious criticism is that what is granted is freedom to spread disease 
The voluntary system has had a large measure of success, and before the war the incidence 
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of venereal disease was low and compared favorably with that of other countries The war 
has now accustomed us to limitation of our freedom in many directions, and for good reason 
a new defense regulation introduces compulsion for the treatment of venereal disease in certain 
carefully defined circumstances 

The regulation provides that persons named by two separate patients under treatment as 
the suspected source of their infection can be required, by notice served on them by the health 
officer of the district in which they live, to attend for examination, and if necessary, for 
treatment by a “special practitioner,” and to continue treatment in accordance with his direc- 
tions until they are certified as free from venereal disease m a communicable form 

Those interested in details of Regulation 33B are referred to a comprehensive 
discussion of the legal aspects of the act by Shannon 

Puerto Rico — According to Quintero,®^ syphilis is about two and a half times 
as pievalent in Puerto Rico as in the continental United States The socioeconomic 
structuie of the island is considered important m this high rate of prevalence Over- 
crowding, poveity and illiteracy all are factois Under the existing circumstances, 
a high incidence rate of syphilis among service personnel stationed in Puerto Rico 
IS to be expected To meet the situation, the author recommends expansion of 
the control program in its medical, educational and legal aspects Intensification 
of the program for follow-up of reported contacts, isolation of patients for intensified 
tieatment and repressive measures against prostitution are advocated 

Soviet Russia — A repoit of the Anglo-Soviet Medical Council®® says that 
lenereal diseases were widespread in tsarist Russia, especially among the popula- 
tion of the national minorities In Moscow in 1914 there weie foi eveiy 10,000 
people approximately 388 patients with venereal disease, of whom 56 9 per cent 
had been infected by prostitutes Incomplete data indicate that in the country as a 
whole there were 768 persons with syphilis per 10,000 people 

With the advent of Soviet power, one of the earliest public health measures 
^^as to institute a campaign against venereal diseases There were two mam 
directions of attack, against venereal diseases as such and against prostitution 
as an institution From the Soviet point of view, prostitution is regarded as being 
primarily due to economic causes, and the campaign to abolish it was directed 
against the institution, not the individual Two new laws were passed, one making 
the infecting of a sexual partner punishable by up to three years’ imprisonment 
and the other making treatment compulsory Treatment centers were established, 
graduate courses of instruction for physicians were organized, and serologic 
tests were used widely As a result of these measures, there has been a con- 
siderable decrease in the incidence of infection throughout the country 

Australia — Statistics prepared at the 120th Australian Special Hospital over 
a period of eighteen months show that 85 per cent of the patients infected with 
venereal disease contracted their infection from amateur sources and 15 per cent 
from professional prostitutes The great majoiity of patients contracted the 
disease while on leave in one of the larger cities 

As to the prevention of venereal disease among the Australian armed forces, 
Gibson ®® says that Army medical officers are being given lectures by specialists at 
the Army School of Hygiene and the School of Public Health and Tropical 
Medicine Lectures are also given to combatant officers and noncommissioned 
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officers, who in tuin are expected to impart this knowledge to the troops of their 
units A meeting attended by the commonwealth and state authorities, togethei 
with the representatives of all services, including the United States Army, is held 
once a month to discuss piophylaxis and tieatment as well as coordination between 
the services 

Condoms and chemical piophylactic kits aie issued fiee to all troops going on 
leave The piophylactic packet contains two tubes, one containing 3 pei cent 
mild protein silver jelly, and the other 33 per cent mild mercurous chloiide 
ointment Prophylactic stations have been established in all camps and neaiby 
towns and cities Special medical inspection is made of all troops entering the 
camp and befoie they go on draft, as well as at various times during their training 
Soldiers found to be infected aie evacuated to the 120th Australian Special Hospital 
All soldiers in the Home Forces suffering from sjphilis are discharged as medically 
unfit, since it is considered necessary to treat them for eighteen to twenty-foui 
months 

Fiance — According to Tiansocean Fiance of March 16, 1943,®'’ 2 000,000 
Frenchmen have died from venereal disease during the past ten years, and some 
5,000,000 Fienchmen are infected w'lth syphilis today Dr Arthur Veines lias 
declaied that duiing the last three yeais alone infections have trebled 

Infant mortality m Fiance during 1940®^ was 9 1 pei cent In the same yeai 
25,000 stillborn children were delivered, a large percentage of these stillbirth 
cases being due to syphilis 

SYPHILIS AND INDUSTRY 

Conti ol of Veiieieal Disease m Indnstiy — A venereal disease control program 
in industry involves coopei ation among four groups the employers, the employees 
the physicians and the public health department 

The objectives of a venereal disease control program in industry, as outlined 
by an advisory committee to the United States Public Health Service, aie reported 
by Anderson and his co-workers ®- Responsibilities of the medical and public health 
professions include case finding and disposition of all cases of venereal disease 
among workers in industry , the establishment of equitable policies for the employ- 
ment of applicants and continuation of services of infected employees, and cooi dura- 
tion of the community and industrial programs for venereal disease control The 
objectives for the employees are to improve the physical condition of emplojees, to 
reduce the number of woik days lost through illness or injurjq to provide proper 
job placement for infected men, and to prolong and increase the earning porver 
of employees by increasing life expectancy Foi the employers, the program should 
reduce compensation costs, lessen work interruptions and labor turnover, enhance 
production by increasing the efficiency of workers and minimize those personnel 
problems which arise from syphilis and gonorrhea as causes of ill health and 
nervous instability 

Responsibility for the administration of the program should be shared by the 
industrial hygiene and venereal disease divisions of the state health department 
The educational program should be integrated and correlated with the geneial 
program of health instruction Examinations for venereal infections should be 
part of the general physical examination, and the results of the examination should 
be confidential 
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In the opinion of the advisory committee 

There is no reason for denying employment to an applicant or for discharging an employee 
because an examination has revealed evidence of syphilis or gonorrhea, provided 

1 That the employee agrees to place himself under competent medical management 

2 That, if the stage of the disease is infectious, employment should be delayed or inter- 
rupted until such time as a nonmfectious state is established through treatment and open 
lesions are healed 

3 That syphilis exists in a latent stage 

4 That, when disabling manifestations exist which would render such individuals industrial 
hazards to themselves, other employees or the public, employment may be deferred or denied 

5 That provision be made, whenever possible, for occupational readjustments of employees 
who develop disabling manifestations that do not incapacitate them from performing some type 
of useful work 

6 That workers with syphilis in any of its stages, and regardless of past or present treat- 
ment status, should be excluded from areas of toxic exposure, and that those having cardio- 
\ascular syphilis or neurosyphihs should not be exposed to such physiologic stresses as extremes 
of temperature, strenuous physical exertion or abnormal atmospheric pressure 

7 That workers with gonorrhea should be allowed to work only under special medical 
observation during the administration of sulfonamide drugs 

In making educational material on venereal diseases a\ailable to mdustiial 
employees, Stoiey®® believes the approach should be made through (1) plant 
facilities, (2) community facilities , (3) labor organizations, (4) courses oi classes 
or schools that prepare prospective employees for skilled service m factoiies, 
and (5) public school and college student health programs 

Stressing the dangers of ill advised and improperly directed attempts to extend 
control of syphilis to industry, Nelson^* says 

Any physician who has under his care an employable syphilitic, and the industrial phjsician 
m particular, holds in his hand the future of the infected with syphilis In those industries 
in which the problem is handled intelligently (and it is comforting to know that the number 
IS constantly increasing) sound medical advice deserves much of the credit How soon the 
problem is to be solved in the others will depend upon whether the well-informed physician 
or the uninformed layman is to determine the medical policy It is becoming nauseatingh 
tiresome to note the frequency with which lay officials and directors, not only of industry 
but of hospitals and institutions and public agencies, lay down the rules as to who shall be 
admitted to employment, and even as to who shall be admitted as patients, not on the basis 
of well-known medical fact, but on the basis of prejudice, taboo and popular misconceptions 
If we cannot look to the medical profession for the correction of this intoleiable situation, 
to whom, then, may we look^ 

DRUGS 

Dtchlorophenai Sine Hydi ochloride — Dichlorophenarsme hydrochloiide (3- 
amino-4-hydroxyphenyldichloroarsme hydrochloride) has been used experimentally 
m the treatment of syphilis at Vanderbilt University Hospital, and the results of the 
study are repoited by Kampmeier and Henning®® Over four thousand injections 
were given to 251 syphilitic patients After a single therapeutic dose 42 of 45 
patients with infectious lesions had negative results of dark field examination within 
twenty-four hours Healing of acute lesions was prompt, chancres healing within 
four weeks and secondary lesions within five weeks Serologic reactions became 
negative at a time comparable to that with use of other arsenical preparations 
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No serious untowaid reactions weie encountered Nausea, vomiting and diarihea 
weie the most common reactions The study indicates that phenarsme hydi ochloride 
IS effective in acute syphilis, is attended by few reactions and may be used as an 
alteinate drug foi patients having leactions to other arsenical drugs 

Ninety-six patients with syphilis, 20 of whom had eithei piimaiy or secondary 
syphilis, ^^ele given by Long”® a total of 2,033 injections of dichlorophenarsine 
hydrochloiide The compound was used as a mechanical mixture of 1 part 
by weight of 3-ammo-4-hydroxyphenyldichloroarsine hydrochloride and 3^ and 
% paits of sodium citrate added as a buffei It is readily soluble in water, salt 
solutions and dextiose solutions The arsenical poition of this mixtuie contains 
25 8 pel cent of aisenic, vhile the final mixtuie contains 5 96 per cent When 
dichloiophenaisme hydrochloiide is dissolved m water the pn of the solution is 
appi oximately 5 2, and the chloime atoms are hydrolyzed so that when the drug 
is injected it is essentially aisenoxide The diug was found to be effective in the 
tieatment of eaily syphilis Spiiochetes could not be found in primary lesions 
twelve houis after the first dose Serologic tests of the blood for syphilis responded 
satisfactoiil}^ , there w'as a low' incidence of abnormal spinal fluids among the 
patients with eaily syphilis Toxic reactions weie limited to mild gastiointestinal 
distui bailees None of the severe forms of toxic leactions were noted 

Foi a peiiod of eighteen months dichlorophenaisme hydrochloride has been 
studied at the University of Pittsburgh As to the chemistiy and pharmacology of 
the diug, Guy, Goldmann and Gannon®" say 

Two single dosage forms of phenarsme [dichlorophenarsine] hydrochloride are available The 
smaller dose contains 0 045 Gm of 3-amino-4-hydroxyphenyldichloroarsine hydrochloride, which 
yields 0 0308 Gm of the active principle, 3-amino-4-hydroxyphenylarsenoxide (arsenoxide) A 
dose of 0 04 Gm of mapharsen yields exactly the same amount of active principle The larger 
dose of phenarsme hydrochloride (0 068 Gm ) yields 0047 Gm of 3-amino-4-hj'droxyphenyI- 
arsenoxide This corresponds to 0 06 Gm of mapharsen content of the active principle Both 
phenarsme hydrochloride and mapharsen contain about 25 per cent trivalent arsenic 

Dichlorophenarsine hydi ochloride in the dry form does not contain arsenoxide 
This IS of importance because this drug is more stable Arsenoxide is formed by 
the chemical reaction which takes places in the ampule when distilled water is added 
to the drug Mapharsen, wdiich is arsenoxide hydrochloride hemialcoholate, becomes 
arsenoxide on the addition of w'ater The structural formulas are given foi both 
reactions 

Toxicity tests w'ere carried out according to the standard National Institute 
of Health procedures, wnth the following results 

Of 77 rats receiving 15 mg per kilogram intravenously the percentage of survivals was 
96 , of 62 rats receiving 16 mg per kilogram the percentage surviving was 85 5 , of 74 rats 
receiving 18 mg per kilogram the percentage was 71 , of 18 rats receiving 22 mg per kilogram 
the percentage was 61 The toxicity of phenarsme hydrochloride does not differ materially from 
that of the mapharsen 

Therapeutic activity was detei mined b)' curative tests on lats infected wuth 
Trypanosoma equiperdum 

Of infected animals treated with 0 375 mg per kilogram of phenarsme hydrochloride, 
30 per cent survived the 28 day observation period , of those receiving 0 4375 mg per kilogram, 
24 per cent , of those receiving 0 500 mg per kilogram, 41 per cent, and of those receiving 
0 625 mg per kilogram, 61 per cent 

These results do not differ materially from those obtained with mapharsen 

96 Long, W E Treatment of Syphilis with Phenarsme Hydrochloride Preliminary 
Report, Arch Dermat & Syph 47 226 (Feb ) 1943 

97 Guy, W H , Goldmann, B A , and Gannon, G P Phenarsme Hydrochloride in 
the Treatment of Syphilis Preliminary Report, Arch Dermat & Syph 47 235 (Feb ) 1943 
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The therapeutic index of both dichlorophenarsme hydrochloride and mapharsen 
IS essentially the same, about 28 

From January 1941 to July 1942, 233 patients were given 2,581 intravenous 
injections of dichloi ophenarsme hydrochloride In 4 patients with primary syphilis 
who were hospitalized for dark field studies, spii ochetes disappeared from the lesions 
within twenty-foui hours Cutaneous lesions cleared lapidly, and in the majority 
of cases they had disappeared entirely in an average of fourteen days No serious 
late reactions weie encountered A small percentage of the patients had mild 
symptoms, of nausea, vomiting, slight headache or pam m the arm, when the drug 
was administered slowly 

Clarification is desirable as to the confusion between mapharsen and dichloro- 
phenarsine hydrochloride 

Mapharsen is the hemialcoholate of 3--amino-4-hydi oxyphenylarsine oxide 


AsO 


hydrochloi ide. 



A solution of the con esponding dichloioaisine, 


OH 


AsClo 

A ' 

I J NHo HCl, was made commeicially available by May and Bakei under 
OH 

the trade name halai sol some twelve years ago, before the development of mapharsen 
The nonpropnetaiy name dichloi ophenarsme hydrochloride has been pioposed foi 
this compound for inclusion in the fiist supplement to the United States Phaima- 
copeia XII The Squibb preparation cloiarsen and the Winthiop piepaiation phen- 
arsine-Winthrop consist of this dichloioaisine packaged as dry powdei with enough 
alkali to make a neutral solution 

Electrometric titrations on seveial dichloi oarsmes, including the Squibb pioduct, 
show that when a solution of the dichloroarsine is brought up to pn 5 it is convei ted 
quantitatively to the arsine oxide In other words, a solution of the dichloioaisine 
at pn 5 to 7, such as would be used therapeutically, is chemically identical with 
a solution of mapharsen Provided only that the drugs aie used m equimolar 
amounts, they must give theiapeutically the same lesult Data on toxicity in 
VIVO and on spii ocheticidal activity in vitro have proved this to be the case More- 
over, since the dichloroarsine has the same toxicity and treponemicidal activity, 
whether neutiahzed with sodium hydi oxide, sodium carbonate oi sodium citiate 
it seems clear that the nature of the base used has no demonstrable effect on the 
biologic activity of the i esultant ai sine oxide 

From the point of view of theiapeutic actmty, the seveial piepaiations are 
therefore identical Dichloroarsines in general are more stable than the coi respond- 
ing arsine oxides To that extent an ampule containing the dr}'- dichloroai sine, with 
enough dry alkali to make a neutral solution on the addition of water, might be 
more stable than an ampule of maphaisen, and the undesiiable chemical changes 
sometimes noted in maphaisen ampules, evidenced by the discoloration of the 
powdei, and believed to be due to oxidation of the aminophenol grouping, might 
thus be avoided oi minimized 
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Tusodmscn — Tnsodaisen (tiisodium aisphenamine sulfate) is the tnsodium 
salt of 3,3' diamino 4,4' dihydioxyaisenobenzene N,N' di-methylene sulfonic 
acid Over a period of eight years, a total of 6,852 injections of this drug has 
been given at the Univei sity of Pennsylvania Hospital A i esume of this experience 
IS lepoited by Beerman, Parisei, and Gordon®^ This study covers a total of 550 
patients with syphilis Of these, 234 had latent syphilis, 15 had late syphilis, 7 had 
congenital infections and 291 were in the earl}'^ stages of the disease 

Under tieatment with tnsodarsen, lesions of eaily syphilis were found to heal 
lapidly, S pallida disappearing in less than ninety-six houis Forty-four per cent 
of the patients had untoward reactions to the drug Of the severe reactions, there 
^\ele 7 cases of exfoliative deimatitis, 4 cases of purpura, 5 of bleeding fiom the 
nose or mouth and 2 instances of aplastic anemia The serologic i esponse to treat- 
ment compaied favorably with other tiivalent arsemcals, and the number of clinical 
or serologic i elapses was not unduly large In spite of the high incidence of serious 
reactions, the drug is considered “promising” by the authors 

B'lsmaisen — A review of fourteen years’ experience with the use of bisinarsen 
(bismuth aisphenamine sulfanate) at the University of Pennsylvania is piesented 
by Beerman, Shaffer and Livingood In this study, 823 patients leceived a 
total of 18,286 injections of bisinarsen Of these patients, 299 had latent and 
seroi esistant syphilis, 151 had prenatal syphilis, 57 had late cutaneous or osseous 
involvement, 117 were in the early stages of the disease, 101 had cardiovascular 
involvement and 98 had syphilis of the central ner\’’ous system Bismarsen was 
administered whenever possible twice a week and in uninterrupted courses of sixty 
injections or more 

The drug was found to be relatively nontoxic and easily administered Although 
it ^^as frequently used to treat patients who had shown untoward reactions to 
othei aisenicals, the incidence of local and systemic reactions was low, only 5 
cases of dermatitis and 5 of purpura having been observed There were no 
fatalities 

In cases of early syphilis, bisinarsen brought about healing, although more 
slowly than did other arsemcals The spirocheticidal action was also inoie gradual 
It was shown to be effective in preventing progression, relapse and late complica- 
tions In cases of latent syphilis, reversal of serologic reactions was accomplished 
and progression of the disease prevented With cardiovascular, late congenital 
and benign late forms of syphilis, favorable results were attained The action 
of bismarsen was considered too slow for the tieatment of active interstitial keratitis 
In cases of neurosyphilis the drug is useful only for patients for whom fever and 
other forms of chemotherapy are contraindicated 

New Ai sonic Acids — Several new arsonic acids, derived from naphthalene 
and biphenyl, have been prepared by Doak and his co-workers in order that 
their spirocheticidal activity might be investigated The arsonic acids have been 
reduced to the corresponding arsine oxides 

Mapharsen — Fractional dose therapy of experimental trypanosomiasis has 
shown the trypanocidal action of mapharsen in vivo to be of relatively short dura- 
tion Yet arsenic can be recovered from the blood and tissues of the experimental 

98 Beerman, H , Panser, H , and Gordon, J H Further Observations on Tnsodarsen 

for the Treatment of Syphilis, Am J Syph, Conor & Ven Dis 26 670 (Nov) 1942 

99 Beerman, H , Shaffer, B , and Livmgood, C S Bismarsen (Bismuth Arsphenamine 

Sulfonate) for the Treatment of Syphilis, JAMA 120 333 (Oct 3) 1942 

100 Doak, G O , Eagle, H, and Steinman, H G Arsine Oxides of Naphthalene and 

Biphenyl, J Am Chem Soc 61 1064 (May) 1942 
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animal for i datively long periods after injections of mapharsen Wright and 
Peteis have studied expei imentally the apparent lack of parallelism between these 
two facts 

The piocedure consisted m detei mining the minimum trypanocidal concen- 
tiation of the blood arsenic of lats at vaiious mteivals after intravenous injection 
of the maximum toleiated dose of maphaisen and comparing this with the 
minimum tiypanocidal concentiation of the umnjected drug Following the 
injection of mapharsen, the tiypanocidal activity of the blood was exceedingly 
high foi one-half to one houi, but decreased steadily thereaftei and disappeaied 
completely after twenty-foui to thirty-six hours Blood arsenic levels dropped 
slowly but became somewhat higher as arsenic was leturned to the blood stream 
fiom the tissues Since this returning aisenic is nonti ypanocidal and since the 
incubation of mapharsen v/ith blood produces a much slowei decrease in activity 
than that occuirmg in vivo, it appeals that the tissues play a majoi lole in 
mactnation of the drug 

Despite the fact that the piesent day tieatment of syphilis calls foi lepeated 
administi ation of subcurative doses of aisemcal diugs in alternate couises with 
bismuth, most studies of the cuiative effects of antisyphihtic drugs in experimental 
animals have been made on the basis of the injection of a single completely curative 
dose To ascertain the theiapeutic effects of subcuiative doses, Swmyard, tlirsch- 
felder and Wright have studied the results of serial administration of various 
subcurative doses of maphaisen in the tieatment of T equipeidum infections in 
lats 

Fioni the standpoint of the effect of dosage, there appeared to be a compara- 
tively sharp break in the efficiency of doses smaller than 50 per cent of the minimal 
curative dose Doses in excess of this were uniformly curative in two oi more 
doses at all time mteivals, even at intervals of ninety-six houis, appaiently because 
the initial dose destroyed a sufficiently laige number of the organisms that the 
infection could not be restoied to its former level by the time the next injection 
nas given 

At dosages below 50 pei cent of the minimal cuiative dose, the results were 
much more dependent on the time interval between injections With smaller 
doses, the duration of the duiative efficiency of a single injection of mapharsen 
in the rat did not exceed twelve hours 

The authors’ results indicate 

that the duration of the trypanocidal action of mapharsen is sufficiently short that 
maximum clinical benefit cannot be expected to be obtained from the injection of the drug 
at weekly or even semi-weekly time intervals Maximum therapeutic results from the clinical 
use of mapharsen appear to be indicated by the administration of repeated sub- 

curative doses of the drug at a time interval sufficiently short that a constantly spirocheticidal 
concentration of the drug will be maintained in the blood stream night and day for a penofi 
of time sufficiently long to produce a high percentage of "permanent cures” in a single course 
of treatment The time interval elapsing between injections should apparently not exceed 
12 hours The dosage should be the maximum that the incidence of clinical toxicity will 
permit The injection of dosages that are too small, even though injected at frequent 

intervals, may be comparatively wasteful therapeutically from failure to achieve the necessary 
minimal curative blood level of the arsenic compound, yet potentially dangerous from the 
standpoint of the production of toxic manifestations 

101 Wiight, H N, and Peters, L Trypanocidal Activity and Arsenic Content of Rat 
Blood Following Intravenous Administration of ^lapharsen, Proc Soc Exper Biol & Med 
52 3 (Jan ) 1943 

102 Swmyard, E A , Hirschfelder, A D , and Wright, H N The Therapeutic Effects 
of Repeated Subcurative Doses of Mapharsen on T Equiperdum Infections in the Rat 
J Pharmacol & Exper Therap 75 367 (July) 1942 
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Tnvalent arsenicals of the aisphenamine senes aie poorly absorbed from the 
gastrointestinal tract and have little therapeutic activity when administered by 
mouth This is largely due to the fact that arsphenammes behave somewhat as 
colloids, and ai sphenamme itself is largely insoluble at the pn of the body fluids 

Because maphai sen is soluble and freely dialyzable at neutrality, Rosenthal 
has tested its therapeutic efficacy oially against T equiperdum infections m mice 
Since it was anticipated that the arsenoxides would cause local iiritation of the 
gastrointestinal tract, fuither experiments were conducted m which glutathione 
was added to the mapharsen solution prior to administration 

Thus administered orally, mapharsen was found to possess curative action 
against T equiperdum infections in mice The addition of 2 mols of glutathione 
decreased toxicity without aftecting therapeutic activity 

Effectiveness of Aisemcals Against Bacteria — Osgood and his co-workeis 
have detei mined m cultures of living human marrow cells the comparative effective- 
ness of several aisemcal and sulfonamide drugs against various species of bac- 
teria Clinically and in expeiimentation on animals, variables such as the size 
of the inoculum, the number and strain of organisms present, the natural 
lesistance of the host and the presence of antibodies are difficult to control By 
using cultures of human marrow, these variables can be controlled, quantitative 
studies thus being made more reliable 

In marrow cultures, arsenic tnoxide and seven pentavalent organic aisenicals 
tested were ineffectual against all the species of bacteria studied Six tnvalent 
aisenicals (neoarsphenamine, arsphenamme, sulfarsphenamine, trisodarsen, mar- 
pharsen and phenarsine hydrochloride), m concentrations corresponding to about 
100 micrograms of arsenic per hundred cubic centimeters, were effective against 
SIX species of bacteria Staphylococcus aureus. Streptococcus viridans (groups 
A and B), Streptococcus haemolyticus, Corynebacterium diphtheriae, Neisseria 
gonorrhoeae and Haemophilus influenzae They were ineffective against Diplococcus 
pneumoniae, Escherichia coh, Eberthella typhosa. Salmonella schottmuelleri, Stiep- 
tococcus viridans (group C) and Streptococcus anhaemolyticus 

"Sulfonamide Effect” of Sodium Aisanilate — Paraammobenzoic acid is an 
essential growth factor required for the multiplication of many different bacteria 
The efficacy of the sulfonamide group of drugs has been explained by their structural 
similarity to paraammobenzoic acid and their ability to displace this essential 
metabolite Hirsch points out that othei substances, devoid of sulfonamide 
groups, may have a similai action He notes that sodium arsanilate (sodium 
salt of paiaammobenzene arsinic acid) reduces the speed of bacterial growth 
against Bacillus coh and that the antibacterial effect of the drug can be inhibited 
by paraammobenzoic acid 

Detoxication of Aisenicals with Paiaaminobencoic Acid — Sandground and 
Hamilton^®® find that paraammobenzoic acid is highly effective in reducing 

103 Rosenthal, S M The Trypanocidal Action of 3-Amino-4-Hydroxyphenyl Arsenious 
Oxide (“Mapharsen”) Administered Orally with Glutathione, J Pharmacol & Exper Therap 
76 358 (Dec) 1942 

104 Osgood, E E, and others The Comparative Effectiveness of Arsenical Compounds 
and Sulfonamide Drugs Against Bacterial Infections, J Lab & Clin Med 28 953 (May) 1943 

105 Hirsch, J The “Sulfanilamide Effect” of Substances Devoid of Sulfo Groups, 
Science 96 139 (Aug 7) 1942 

106 Sandground, J H , and Hamilton, C R Studies on the Detoxication of Organic 
Arsenical Compounds I Detoxication by Means of p-Aminobenzoic Acid of Certain Pentava- 
lent Arsenical Drugs Given m Massive Doses to Rats, J Pharmacol & Exper Therap 78 109 
(June) 1943 
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fatalities among rats to which acutely poisonous doses of carbarsone, acetarsone, 
tryparsamide, arsanihc acid and phenylarsonic acid have been administered This 
detoxication is independent of the route by which either the phenylai some compound 
oi the paraammobenzoic acid is given There was, however, no inhibition by para- 
ammobenzoic acid of the trypanocidal action of these pentavalent arsenical drugs 

The same authois^”^ found it difficult to determine what quantitative relation- 
ship exists between the minimal amount of paraaminobenzoate required to neutralize 
the action of an)'^ specified quantity of pentavalent arsenical By the administration 
of sufficient paraaminobenzoate, practically all rats were protected against a dose 
of pentavalent aisemcals sufficient to kill all the animals It was found that 15 
mg per kilogram of paraaminobenzoate was sufficient to piotect 50 pei cent of 
the rats and to prolong the survival time of a group of rats receiving 400 mg 
per kilogram of arsanihc acid 

Continuing the study, Sandground found that the time factor entering into 
the sequence of administering uniform doses of paraaminobenzoate and either 
of two typical phenylarsonic acid derivatives to rats is sufficient to influence the 
survival rate of the group Injection of paraaminobenzoate up to three hours 
before the administration of the arsenical confers protection on nearly all animals 
In contiast, the injection of the aisenical thirty minutes before the giving of the 
paraaminobenzoate is associated with a reduction in the group protection, and this 
1 eduction is in diiect proportion to the increase in the time interval 

Similmity of Bismuth PtepaiaHons — According to Clausen and his 
co-workers, there exists a striking qualitative and quantitative similarity of 
toxicities and limits of tolerance as well as of antisyphihtic efficacy among the 
various bismuth prepaiations when they are administered intiavenously When they 
are given intramuscularly, the spirocheticidal activity does not differ significantly 
from that following intravenous administration, although the tolerance of the 
host IS markedly increased 

The similarity of the maximal tolerated dose and the therapeutic indexes of 
the compounds tested when given intravenously, in contrast to their marked 
differences when given intramuscularly, indicates that the difference in rate of 
absorption fiom mtramusculai deposits is the most impoitant factoi in account- 
ing for any variation which occurs 

The therapeutic efficacy of a bismuth compound, as well as its toxicity, is in 
direct proportion to its content of elemental bismuth The similarity of the 
minimal curative dose of any bismuth preparation administeied either intravenously 
or intramuscularly and the similarity in the toxicity of preparations given intra- 
venously suggest that basically all bismuth compounds ultimately act in a common 
foim rather than m the form m which they weie injected 

Determmahons of Blood Bismuth — Studies of the pharmacology of bismuth 
compounds have not in the past included determinations of bismuth levels in 
the blood, which have been estimated from bismuth excreted in the urine 

107 Sandground, J H , and Hamilton, C R Studies on the Detoxication of Arsenical 
Compounds II Correlation of the Quantity of p-Ammobenzoic Acid Required to Protect 
Rats Against High Doses of Carbarsone and Arsanihc Acid, J Pharmacol & Exper Therap 
78 203 (June) 1943 

108 Sandground, J H Studies on the Detoxication of Arsenical Compounds HI The 
Time Factor Influencing p-Aminobenzoate Protection of Rats Receiving Lethal Doses of 
Phenyl Arsonates, J Pharmacol & Exper Therap 78 209 (June) 1943 

109 Clausen, N M , Longley, B J , Green, R E, and Tatum, A L A Study of the 
Similarities of Several Representative Types of Bismuth Preparations Used m the Therap 3 
of Experimental S)'philis, J Pharmacol & Exper Therap 76 338 (Dec ) 1942 
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Delp, W alker and Sondern have succeeded in making determinations of 
blood bismuth on 7 s)fphihtic patients receiving a water-soluble bismuth compound 
(potassium bismuth saccharate) Values of 3 to 5 micrograms were obtained 
promptly after the intramuscular injection of this preparation Cumulative effects 
were evident with multiple injections, and values of 5 to 7 micrograms were 
easily maintained After cessation of therap)'^ there was evidently a lapid fall in 
blood bismuth levels, but minimal amounts of the metal were found for a con- 
siderable time 

Bismuth Melanosis and Female Sex Hoimones — Sulman and his co-workers 
found that when female albino lats were simultaneously treated with organic 
bismuth compounds (bismuth phenylethylacetate, bismuth butylthiolaurate, bismuth 
chinolmate and bismuth adipinate) and estrogens or chorionic gonadotropin, bis- 
muth melanosis of the vagina developed in 30 to 80 per cent of the animals The 
reaction seemed to be conditioned by hyperemia of the vagina from the action 
of the hormones Bismuth melanosis in sexual organs other than the vagina was 
seldom observed, and the rest of the body was always found free of impregnation 
with bismuth In male rats simultaneously treated with a bismuth compound and 
testosterone propionate, bismuth melanosis of the genital tract occurred onI\ 
occasionally 

Iodine in Saliva — Bruger and Member”- have found marked inci eases in 
the concentration of iodine m the saliva following the oral administration of 
potassium iodide, iodine dissohed in poppyseed oil and ethyl diiodobrassidate 
The maximal concentration of salivary iodine occurred approximately one to 
two and a half hours aftei the ingestion of potassium iodide 

TREATMENT 

Bismuth Compound foi Latent Syphilis — Kahn and Becker report the 
lesults of treatment of 200 patients with late latent syphilis wuth “large amounts of 
bismuth combined with a moderate amount of an arsenical,” comparing them with 
the results obtained by the Cooperative Clinical Group The scheme of therapj 
used w^as as follows one course of ten injections of a bismuth compound, three 
courses of combined bismuth and arsenical treatment, after each of wdiich was 
interposed one month’s rest and a course of eight injections of a bismuth compound , 
another rest period, and finall) three long courses of bismuth therapy separated b) 
SIX months and one yeai Total therapy amounted to twenty-four doses of an 
arsenical and eighty-six of a bismuth compound For this type of treatment, the 
authoi s claim an advantage over the shorter, alternate course scheme of therapy used 
by the Cooperative Clinical Group, who obtained maximum results with twenty 
injections of an arsenical and less bismuth than was used by the authors 

The data presented, however, do not support the authors’ premise, since 
the material has been analyzed with insufficient regard for the statistical concepts 
involved The twm groups of patients are not strictly comparable In the fiist 

110 Delp, M H , Walker, N , and Sondern, C W Blood Bismuth Studies Prelimi- 

nary Report of Syphilitic Patients Treated with a Water-Soluble Preparation, Am J Sjph, 
Conor & Ven Dis 27 193 (March) 1943 

111 Sulman, F , Levy-Hochman, S , and Tietz, H G Selective Bismuth Melanosis 
of the Female Genital Tract Induced by Treatment with Sex Hormones, Endocrinologj 
32 293 (March) 1943 

112 Bruger, M , and Member, S On the Excretion of Iodine in the Saliva, Am T 
Physiol 139 212 Qune) 1943 

113 Kahn, D , and Becker, S W The Use of Bismuth Compounds in Syphilotherapy 

II The Results of Treatment of Latent Syphilis by Bismuth Compounds Combined in Part 
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place, It IS necessaiy to lealize that of the patients in the Cooperative Clinical 
Group senes who received prolonged treatment, many were so treated because 
of need for further therapy In the present study, prolonged tieatment was 
given loutinely In addition, the previous treatment which the patients in the 
piesent gioup leceived was disregarded, despite the fact that 30 per cent had 
received such therapy Moreover, all of the patients m the present group had 
syphilis in the latei stage of latency, whereas 30 per cent of the Cooperative 
Clinical Gioup senes had early latent infection 

The highei pioportion of satisfactory results m the authois’ senes is moie 
appaient than real The peicentage of patients with clinical progiession, the tiue 
test of therapy of late latent syphilis, is smaller in their gi oup among patients undei 
observation up to ten years , but among those observed more than ten years a smallei 
percentage of the Cooperative Clinical Group’s series had progressed For an unex- 
plained reason, none of the patients m the authors’ gioup had died, and none 
vas “undei tieatment, doing well” A readjustment of the rates m the Coopeia- 
tive Clinical Group’s series m consideration of these facts improves the compara- 
tu e results, bringing the observed differences within the range or chance variation 

Theie is no satisfactory proof that the prolongation of therapy with additional 
courses of bismuth improves the prognosis for patients with late latent syphilis 
There is, on the other hand, reason to believe that the prevention of clinical progres- 
sion can be effected satisfactoiily by considerable less tieatment than that indicated 
li}^ Kahn and Becker 

Thiamine Hydi ochlonde foi Lightning Pains — Cochems and Kemp treated 
26 patients with typical tabetic lightning pains with thiamine hydrochloride given 
intravenously The average numbei of injections was eighteen, with an average dose 
of 61 mg , over a period averaging eight months Analysis of the results reveals 
that 17 patients (65 per cent) experienced no ultimate relief of pain, 4 (16 pei cent) 
appaiently obtained partial relief, and 5 (19 per cent) apparently obtained complete 
relief Definite proof was lacking that improvement in any instance was due to 
thiamine because the obseivation peiiod was insufficiently long for the exclusion 
of spontaneous i emission and psychic effect The authors conclude that intra- 
venous injections of thiamine hydrochloride are valueless m the alleviation of 
tabetic lightning pains m the majority of cases and of doubtful value in the 
1 emainder 

Vitamin Therapy — None of the manifestations of syphilis respond dramatically 
to vitamin therapy Moreover, there is no satisfactory evidence that any of the 
vitamins significantly decrease the toxicity of the arsenical drugs O’Leary 
notes that although thiamine has been used as supplementary therapy for tabes 
dorsalis, lightning pains, -visceral crises, atrophy of the optic nerve and interstitial 
keratitis and as an adjunct to tryparsamide treatment, though ascorbic acid has 
been used to prevent arsenical dermatitis and though riboflavin has been employed 
for interstitial keratitis, all have been found to have insignificant value 

UNTOWARD ErrECTS OF TREATMENT 

Moifahty Data — For the past seventeen years, medical officers of the Nav) 
have been required to submit reports of the number of doses of arsenicals 
administered and detailed information regarding any toxic reaction therefrom 

114 Cochems, K D , and Kemp, J E Intravenous Thiamin Chloride (Vitamin Bi) in 
the Treatment of Tabetic Lightning Pams, Am J Syph , Conor Ven Dis 26 574 (Sept ) 
1942 

115 O’Leary, P A Vitamin Therapy m Dermatology and Syphilologj, Arch Dermal 
& S>ph 46 628 (Nov) 1942 
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The most lecent data thus obtained have been compiled by Stephenson, Chambers 
and Anderson In the period 1925 to 1941, 1,792,383 injections of various 
arsenicals have been given, with 52 fatal reactions, a latio of 1 death to every 
34,469 injections Fifty of the 52 deaths were due to neoarsphenamine, 1 to 
arsphenamine and 1 to mapharsen A total of 288,585 injections of mapharsen have 
been given The one fatality following this drug occuried twenty -four hours after 
the first injection Postmortem observations included ceiebral edema and hemor- 
ihage Of 881 leactions from all arsenicals recoided, 353 were asciibed to vaso- 
motor phenomena and 336 to arsenical dermatitis 

Atsemcal Encephalopathy — The severe and usually fatal ceiebral manifesta- 
tions due to the toxic effects of arsenicals are most commonly referred to as 
“hemorrhagic encephalitis,” although other terms have been used, such as ceiebral 
purpura, serous apoplexy, medullary peiivascular necrosis and pencapillary 
encephalorrhagia 

Two instances of arsenical encephalopathy following iieoai sphenamme are 
reported by Tuta and Stagman,^^" who believe that a relationship exists between 
the relatively mild vasomotor or nitntoid crises and the progiessive ’vascular 
changes leading to cerebral edema followed by hemorrhagic infiltiations The 
most common clinical findings in the latter condition are headache, vomiting, 
rapid development of unconsciousness, convulsions and fever These symptoms 
usually appeal two or three days aftei the first, second or third injection of an 
arsenical drug Occasionally, however, the symptoms may be delayed, and 
at times many injections may piecede the onset The majority of patients die 
within four days after the appeal ance of the reaction 

The authois’ conception of the pathogenesis of arsenical encephalopathy is as 
follows 

Vasodilatation with increased capillary permeability is followed by stasis and exudation 
of fluid from the terminal blood vessels causing a cerebral edema Instances ha\e been 
reported where the cerebral edema has been a predominant feature and only a few or no 
hemorrhages were found Later, red blood cells escape from the walls of the capillaries and 
vessels of precapillary dimensions, resulting in the picture of a hemorrhagic encephalitis with 
clinical symptoms, particularly of stupor or coma 

As Halcrow^^® points out, the causal factor m aisemcal encephalopathy is 
unknown, but it seems to be unrelated to the arsenic radical, since poisoning with 
inorganic aisemc compounds does not give use to such cerebial symptoms The 
authors think it unlikely that overdosage is at fault, since in most recorded cases 
symptoms have occurred after the second or third injection However, in view 
of the greatly increased frequency of the reaction during and after the intensive 
arsenotherapy of early syphilis, dosage is suiely incriminated It is not in the 
nature of a tierxheimer reaction since cerebral complications have followed 
arsenical therapy in nonsyphilitic patients As symptoms occur early in the course 
of therapy, it is possible that an allergic factor exists There is evidence of a 
toxic action of the drugs on capillaries 

Attention is drawn to the need for early recognition of the condition, since 
therapy seems unavailing unless instituted soon after the onset 

116 Stephenson, C S , Chambers, W M , and Anderson, L T (a) Toxic Effects of 
Arsenical Compounds as Administered in the United States Navy in 1941, U S Nav M Bull 
40 1015 (Nov) 1942, (b) Toxic Effects of Arsenical Compounds as Employed m the Treat- 
ment of Disease in the United States Navy, 1941, ibid 41 259 (Jan ) 1943 

117 Tuta, J A, and Stagman, J Encephalopathy Following Neoarsphenamine, Am J. 
Clin Path 12 387 (July) 1942 

118 Halcrow, J P A A Case of Haemorrhagic Encephalopathy Following Arsenical 
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Having observed 4 patients with aisemcal encephalopathy, 3 of whom were 
pregnant women, Nelson and his co-workers believe the condition to be more 
frequent than usually is stated In 3 instances hemorrhagic encephalitis occuired 
about the tenth day after tieatment was begun with sodium arsphenamine or 
mapharside All the reactions occuried in the winter season, at a time when 
vitamin intake is relatively low It is impossible to deteimme m advance which 
patient will have this complication, but the authois’ expeiience suggests that 
a pregnant woman should be regarded as a “potential reactoi ” 

Courville and Marsh,^*® who have studied 12 cases of postarsphenamiiie 
encephalopathy, desciibe multiple symmetric foci of hemorrhagic necrosis as part 
of the pathologic picture of this condition According to these authors, the 
lesion IS closely allied to pencapillary encephalorrhagia, m that it is composed 
of many perivascular img hemorrhages There was a tendency for these hemor- 
rhagic foci to localize m legions of both gray and white matter of the brain The 
corpus callosum, the optic thalami, the external capsule and the frontal and 
pai leto-occipital centrums weie the sites of predilection There was also a tendency 
foi the lesion to occui m symmetiic areas of the brain 

Fiom the data piesented, it is apparent that multiple symmetric foci of hem- 
orrhagic neciosis, together with the disseminated petechial hemoirhages and 
possible gross cerebral hemorrhage, constitute the essential pathologic changes 
in the clinical syndrome of postarsphenamme hemorrhagic encephalopathy 

In Thomas, Wexler and Dattnei’s^^^ series of 764 patients treated for early 
syphilis with massive dosages of mapharseii, there were 8 patients with symptomatic 
cerebral leactions, 2 of whom died In then experience, aisemcal leactions of this 
type vary as to time of onset in relation to treatment and as to duration of 
symptoms The significant observation is recorded that in patients with cerebral 
leactions there is usually a marked increase m protein m the cerebrospinal fluid 
This IS usually but not necessaiily associated with pleocytosis 

Because of the authois’ fear of ceiebral reactions, the spinal fluid was 
examined befoie and after intensive treatment m 250 cases of early syphilis The 
spinal fluid was also examined whenever “secondary” fever or unusual symptoms 
indicated it In the course of these examinations, 8 patients were found who had 
marked abnormalities of the spinal fluid but no symptoms It is believed that these 
alteiations may portend serious trouble and that their finding calls foi interruption 
of theiapy 

Arsenical Myelopathy — Arsenical intoxication may produce pathologic changes 
in an organ in two ways by direct action on the parenchyma and by affecting 
Its nutrition through involvement of the nutrient blood vessels In the brain, the 
lesions of arsenical toxicity usually are of the vascular type, producing the 
classic picture of “hemorrhagic encephalitis” 

Lichtenstein notes that, in contrast to the changes in the brain, the changes 
in the spinal cord following therapy with the arsenicals usually results from 
damage to the parenchyma Histologic alterations of postarsphenamme myelitis 

119 Nelson, R B , McGibbon, C, and Glyn-Hughes, F Arsenical Encephalopathy A 
Complication Occurring During the Treatment of Syphilis, Brit M J 1 661 (May 29) 1943 

120 Courville, C B , and Marsh, C Cerebral Lesions Following Administration of 
Neoarsphenamine Multiple Symmetric Foci of Hemorrhagic Necrosis of the Brain, Arch 
Dermat & Syph 46:512 (Oct) 1942 

121 Thomas, E W , Wexler, G , and Dattner, B Cerebral Reactions Associated with 
Massive Mapharsen Treatment of Early Syphilis, Am J Syph, Conor & Ven Dis 26 529 
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122 Lichtenstein, B W Acute and Subacute Toxic Mjelopathies Following TherapN 
with Arsphenamine, Arch Neurol & Psychiat 48-740 (Nov ) 1942 
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include degeneiation of the ganglion cells and the myelin of the nerve fibers, 
with proliferative changes in the astroglia, malacia, necrosis, and inflammatory 
phenomena, such as perivascular and leptomemngeal cellular infiltrations 

As a rule, postal sphenamme myelopathy is located in the lower thoracic and 
the lumbar portion of the spinal cord, although the parenchymatous alteiations 
may extend upward into the brain stem Degeneration of the peripheral nerves 
not infrequently is associated with the lesions of the cord The disordei usually 
IS acute or subacute in course, with death resulting from respiratory paralysis 
or sepsis In nonfatal cases there is evidence of permanent damage to the spinal 
cold 

The Bone Mairow Dunng Intensive Ai senothej apy — Studying the sternal 
bone marrow of 14 patients during intensive arsenotherapy (five day intravenous 
drip), Schwind^^B found no significant effect of the treatment on either the 
erythiocytic or the leukocytic series of cells Three of the patients had a shift 
to the left in the Schilling index of the peripheral blood, although the total leuko- 
cyte count was within normal limits These patients had a corresponding increase 
in neutrophilic band forms and metamyelocytes in the bone marrow The other 
11 had normal peripheral blood pictures, and the differential counts of then 
marrows were within the range of normal 

Histamine Treatment of Exfoliative Deimaiitis — Encouraging results from 
the use of histamine therapy in certain allergic conditions led Jenkins to study 
this drug in the treatment of postarsemcal dermatitis The author believes that 
histamine therapy hastens recovery in this condition, since m his hands more 
satisfactory results were obtained than with any other type of treatment His 
series of cases is small, and the interpretation of the results is complicated by 
the fact that some had received routine therapy with colloidal baths, epliedrme and 
phenobarbital Moreover, the results were appraised on the basis of duration of 
hospitalization, an end point subject to considerable discretionary bias The 
findings are suggestive, but further clinical trial with histamine is necessary to 
evaluate the proper place of this form of therapy m the treatment of exfoliative 
dermatitis caused by the arsenical drugs 

Sodium Thiosulfate Treatment of Exfoliative Dermatitis — ^Abramowitz and Ins 
co-workers report the results of treatment with sodium thiosulfate of 5 patients 
with arsenical dermatitis, of 1 with dermatitis due to bismuth and of 1 with 
dermatitis due to gold All patients were put on a restricted diet, usually bananas 
and milk Determinations of arsenic m the urine were made, and freshly prepared 
sodium thiosulfate was administered intravenously The authors conclude 

1 Using as a criterion the twenty-four hour output of arsenic, we have been unable to 
demonstrate that sodium thiosulfate in the doses commonly employed increases the urinary 
excretion or alleviates dermatitis due to the arsphenamines It is therefore of little diagnostic 
or therapeutic value 

2 Although our experimental evidence is limited, it would appear that sodium thiosulfate 
is without effect on urinary excretion of bismuth or on dermatoses subsequent to alternate 
bismuth and arsenic therapy In 1 case the urinary excretion of gold also was not affected 
by sodium thiosulfate 
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Postal spheiianime J aundice — In a twelve month study of icterus in the Canadian 
Aimy, Mitchell compares the incidence of catarihal jaundice with the occurience 
of jaundice following ai senotherapy of syphilis 

The incidence of clinical jaundice among those receiving aisenotheiapy for 
syphilis was 36 5 times as high as m those who were not so treated The drug 
used for about 90 per cent of the men was neoarsphenamine Jaundice was three 
times as frequent in this group as m the smaller group treated with mapharsen 
It is suggested, although without documentation, that there is a large number of 
cases of infectious hepatitis without jaundice and that it is the association of two 
hepatotoxic agents, the arsenic and the toxic agent of infectious hepatitis, which 
pioduces a higher incidence of infectious hepatitis m patients under arsenotherapy 

Respiiatojy Allergy to Aisemcals — Cutaneous hypersensitivity to the arsenical 
drugs used in the treatment of syphilis is not unusual Respiiatory hypersensitivity, 
however, is sufficiently rai e as to warrant single case reports Saunders 
reports an instance of such allergy, in which sneezing, rhmorrhea and asthma 
followed the inhalation of mapharsen, arsphenamine or neoarsphenamine Similar 
symptoms followed the making of patch tests or scratch tests with these same diugs 

Eiythema of the Ninth Day — Gresser and Thomas^’® report that supeificial 
punctate keratitis may occui in association with fevei and a generalized eiythema 
of the skin as pait of the clinical entity known as Mihan’s erythema of the 
ninth day The complication occui red m 2 syphilitic patients and in a patient with 
Vincent’s infection after treatment with trivalent arsenicals The immediate com- 
plaints consisted of smoky or blurred vision, accompanied by redness of the eyes, 
photophobia, laciimation and a mild sensation of sandiness or of a foreign body 
These symptoms either followed the height of the erythema or occui led as the 
erythema faded and desquamated The acute stage persisted from two to four 
weeks The punctate lesions, which by slit lamp examination appeared to be 
edematous cells rather than erosions, tended to appear in crops at five to six day 
intervals, the new lesions appearing before resolution of the old, and affected mainly 
the central corneal area In all cases the keratitis was self limited, being unin- 
fluenced m evolution by therapy 

Bismuth Stomatitis — Ronchese^^® reports favorable results from the use of 
hexametaphosphate and talc in the form of a tooth powder in the treatment of 
bismuth stomatitis 

Bismuth Amina — The toxic effects of bismuth on the kidney ordinarily aie 
benign However, Witkowski reports 2 cases of severe renal damage in infants 
under treatment with bismuth for congenital syphilis In 1 anuria and death 
followed the administration of ten injections of sodium bismuth thioglycollate 

Stitt reports severe renal damage following a single dose of sodium 
bismuth thioglycollate to an infant, and cautions that care should be exercised in 
administering bismuth, especially to infants 

126 Mitchell H S The Incidence of Catarrhal Jaundice Compared with Jaundice Follow- 
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Emhoha Cutis Bismuthica — Aiterial embolism following the injection of bis- 
muth IS a rare untoward reaction to antisyphilitic treatment Reporting a case 
of embolia cutis bismuthica, Goldschlag suggests that even the most careful 
technic may fail to prevent the accident A small amount of bismuth may be 
deposited in the wall of an artery and subsequently lupture into the lumen To 
prevent the accident the author advises that needles of relatively wide gage be 
used, that after aspiration the needle be detached and that injection be made into 
a muscle which is relaxed 

Bismuth Hepatitis — ^When jaundice complicates the treatment of a patient 
with syphilis, the complication is usually attributed to intercunent infection, to the 
administration of aisenicals oi possibly to hepatorecurrence of syphilis Kulchar 
and Reynolds stress the impoitance of bismuth as a cause of hepatitis and repoit 
121 cases m which the heavy metal appealed to be implicated 

In ti eating 1,032 inmates of San Quentin prison, the authors observed 121 who 
became jaundiced while bismuth was being given Tieatment had been with lodo- 
bismitol with sahgemn for 82 of the 121 patients Only 4 patients became 
icteric when the initial course of theiapy was with bismuth The remaining 117 
had received arsenicals in some form prior to the course of bismuth therapy during 
which hepatitis occuired The onset of jaundice was noted within four weeks of 
the last injection of an arsenical drug in 34 patients, but evidence of hepatic damage 
did not appear until four or more weekly injections of bismuth had been given in 
83, and not until after eight or more weekly injections in 56 

Tieatment was subsequently continued in 107 of the cases In 9 there was a 
recurrence of the jaundice This occuired duiing bismuth therapy m 4, while 
arsphenamine was given in another 4, and during treatment with trypaisamide 
in 1 

The authors believe that the effect of previously administeied arsenicals as well 
as factois of diet, alcoholism and intercurrent infection all piedispose the liver to 
damage from bismuth and that bismuth hepatitis is a summation effect lesulting 
from the interaction of several factors which individually are insufficient to cause 
the clinical manifestations of hepatitis, with bismuth the pi ecipitating factor The 
occurrence of signs or symptoms suggestive of toxic hepatitis during antisyphilitic 
therapy is a lelatively frequent and peiplexing pioblem Kulchar and Reynolds 
outline a fairly convincing biief to indict bismuth, but then data lend themselves 
also to conclusions favoring arsenical causation in many of the cases presented 
Most syphilotherapists, while admitting that bismuth may pi ecipitate toxic hepatitis 
in a patient with preexisting damage of the liver, question the fiequency with which 
it does so 

'EARLY SYPHILIS 

Daik Field Study — Branch stresses certain pertinent observations on the 
diagnosis of early syphilis by daik field microscopy (1) that clinical examination 
alone is unsatisfactory, since a positive result of daik field examination not 
infrequently is found in lesions lacking the classic features of induration, pain- 
lessness and inguinal lymphadenopathy , (2) that spirochetes other than S pallida 
frequently are found m penile lesions, in some cases associated with the organism of 
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syphilis, and ( 3 ) that a single negative result of daik field examination does not 
lule out syphilis Many experienced physicians do not concui in the author’s 
1 ecoinmendation of the delayed dark field examination as a practical proceduie 
Since the accuiate identification of S pallida requires observation of the organism, 
in its motile state, and since motility rapidly is lost with the passage of time out- 
side the body, the delayed piocedure is far from being entirely satisfactory for 
the definitive diagnosis of syphilis 

In the diagnosis of secondary syphilis, many physicians rely on the clinical 
characteristics of the eruption plus a positive serologic leaction, examination foi 
S pallida by daik field microscopy being used only when moist papules (con- 
dylomas) aie piesent The feasibility of examining serum from other cutaneous 
lesions undei the dark field microscope is championed by Agee,^^° whose case 
repoits indicate that the proceduie is practical for routine use in the clinic The 
advantages of the method are that the finding of S pallida definitely establishes 
the diagnosis and that tieatment may be started without waiting foi the report 
pf the seiologic test 

Newe) Concepts of Reinfection — Schoch and Alexander point out that in 
patients with early syphilis treated with intensive arsenotherapy reinfection may 
be 1 datively frequent Accoidmg to their published reports, eailiei workers with 
intensive tieatment methods, lecognizmg the extreme difficulty of differentiating 
lemfection from infectious relapse, have leaned to the side of conseivatism and 
have classified all such conditions as relapse, and therefore as indicating failure 
of treatment Howevei, the clinical evidence in favor of leinfection in many patients 
given intensive arsenotherapy is at least as strong as the evidence for heretofore 
accepted examples of leinfection m patients treated by standard methods 

Ten cases of leinfection are recorded Daik field observations, quantitative 
leagin titei cuives and epidemiologic data weie used to suppoit clinical observa- 
tions and impiessions It is highly desirable to make the differentiation between 
infectious relapse and reinfection in patients treated by intensive methods, since 
only thus can the results of such therapy be evaluated properly 

Many attempts have been made to set up suitable criteria foi differentiating 
infectious i elapse of syphilis from reinfection Such criteria have not been entirely 
satisfactory The widespread use of intensive arsenotheiapy has leopened the 
question and reemphasized the importance of the problem, since the ciiteria toi 
patients receiving “standard” treatment are not suitable foi intensively tieated 
patients Shaffer reviews the criteria which have been proposed, suggesting 
the following for patients given intensive treatment 

1 Accuracy of the original diagnosis of syphilis assumed on the basis of the administra- 
tion of intensive treatment by organized hospital or clinic 

2 Patient has remained seronegative or has progressed to that state 

3 Spinal fluid examination negative prior to second infection (Tins is desirable but 
not essential ) 

4 A lesion, clinically acceptable as a chancre, develops at a site different from the first 

5 Patient is seronegative but darkfield positive at time of second infection 

6 Definite exposure history for second infection (Ideally, source of second infection 
should be identified ) 
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1 If seropositive at time of supposed second infection, patient should be held in isolation 
without treatment until after the proper interval, at which time secondaries develop to establish 
validity 

8 Seropositive cases of clinically acceptable primary lesions or cases presenting character- 
istic secondaiy manifestations with a history or remains of a chancre may be classified as 
probably reinfection, if they fulfill the above criteria 

Supposed reinfections occurring within 6 months after intensive treatment is completed 
cannot be differentiated from potential superinfections , cases occurring at a later date maj 
be assumed to be reinfections 

INTENSIVE THERAPY 

Intensive At senothei apy — Evaluating the present status of intensive arseno- 
therapy, Shaffei states 

Intensne methods of treatment must still be considered experimental The potential 
hazard, at least of short intensive courses, makes it necessary to advise that they should not 
be attempted by physicians without extensive experience in the treatment of syphilis Further 
information is being rapidly accumulated, and it is expected that such experience will permit 
the establishment of a definite procedure to be recommended in the near future for use in 
private practice and in the military services Intensive therapy is being tried m various type? 
of latent and late syphlis, but its use in such cases is highly experimental and not as yet 
recommended Its use should be restricted to previously untreated cases of early (primary 
and secondary) syphilis 

Among the efforts to compress the treatment of syphilis into a period shortei 
than the “standard” eighteen months is the twenty week schedule studied by 
Hood Concomitant weekly injections of mapharsen and of a bismuth compound 
were given to 134 patients with early syphilis, of whom only 66 successfully 
completed the course of twenty weeks’ treatment 

Under this schedule of treatment, 944 per cent of all piimar} and secondaiy 
lesions involuted completely within six weeks, and seronegativity was achieved b} 
90 9 per cent of the patients No coi relation was found between the initial reagin 
titer and the time required to reach seronegativity Unsatisfactory results 
(seroresistance, serorelapse, clinical relapse and involvement of the eentral nervous 
system) are recoided foi 13 6 per cent of the patients The author believes that 
his results compare not unfavorably with the lesults of treatment with othei 
arsenical drugs and othei schedules of therapy 

Yeager and Connolly have treated 103 patients with early syphilis by giving 
twenty injections of mapharsen (totaling 960 to 1,200 mg of the drug) over a 
period of thiity days In 2 of the patients toxic encephalopathy developed, and 
1 died The number of therapeutic “failures” was 9 7 per cent 

Schoch and Alexandei have treated 350 patients by intensive arsenotheiapy 
Of these, 208 were treated by the ten day syringe method ( 120 mg of mapharsen 
per day for ten days) and 142 were given “smallei individual doses over a longei 
period of time ” In the entire group, they encountered hemorrhagic encephalitis 
3 times, with 1 death One hundred and three patients treated by the ten day 
syringe method have been under observation from six to eighteen months In 
this group, 77 per cent attained clinical and serologic “cure ” The results in 1 1 
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pel cent aie pending In the lemaming 12 per cent the treatment was a failuie 
(3 patients with infectious relapses, 1 with periostitis, 6 with serologic relapses, and 
2 with positive reactions of the cerebrospinal fluid) The authois state that “These 
lesults compaie favorably with those of the 5 day continuous mtiavenous diip 
method ” 

Since the German invasion of Norway in April 1940, a large portion of the 
Norwegian Merchant Navy has been isolated from its bases but lemains activel) 
^^^to3.ged 111 piosecution of the wai Because of the acute need for the services 
of the naval peisonnel and because of a serious increase m syphilis m this group, 
intensive arsenotheiapy has been administered Kvittingen leports favorable 
results of theiapy in 100 men tieated by daily injections of maphaiside The fiist 
82 patients received 760 mg of the drug within five days, the remaining 18 
lecened 1,000 mg m the same peiiod Only 1 serious reaction is lecorded, toxic 
encephalopathy associated with morbilliform dermatitis Follow-up lesults aie 
foi obvious leasons, difficult It is felt that, despite the increased iisk of tieat- 
ment, m a time of emeigency the pioceduie is justifiable 

Once a soldier is hospitalized for primary syphilis, he is not returned to dut\ 
until the lesion is healed It is impoitant, therefoie to effect healing as lapidh 
as possible in order that the man may leturn to his duties and tiaining Pelzmaii 
and Greenwald believe that by giving daily injections of mapharsen at the start 
of treatment the average numbei of noneffective days can be substantially reduced 
Neoaisphenamme, because of its higher toxicity, cannot be employed m this 
mannei 


Aisenotheiapy Combined with Fevei — Thomas and Wexler’-*'^ have admims- 
teied 280 courses of intensive treatment with maphaisen alone and 549 wntb 
mapharsen combined with fever induced by typhoid vaccine Injections of 
mapharsen were given twice daily (0 1 Gm twice a day for six days) Three 
plans of combining fever with mapharsen were used (1) total of 0 54 Gm of 
mapharsen and four fever treatments in nine days (2) total of 0 84 Gm of 
maphaisen and two fever treatments m nine days and (3) total of 0 7 Gm 
of mapharsen and three fever treatments in seven days 

The reactions encountered with the multiple injection method were not 
appreciably different from, nor more frequent than, those leported with the 
mtiavenous drip method The use of typhoid vaccine increased the discomfort 
of treatment but was not in itself dangeious Two deaths are recorded (one 
in each of the two main treatment groups), both attributable to toxic encepha- 


lopathy 

The therapeutic results may be summarized as follows 

Treatment Patients 

(1) Mapharsen (0 9-12 Gm ) 

(2) Mapharsen (0 66-0 84 Gm ) 

(3) Mapharsen (0 54-06 Gm ) plus 4 sessions of fever 128 

171 


Patients 

Probably 

Favorable 

Unfavorable 

151 

83 78% 

1622% 

122 

7499% 

25 01% 

128 

8646% 

13 54% 

r 171 

85 49% 

14 51% 
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The autliois believe that their lesults, both with mapharsen alone (total dose 
1 Gm or moie) and with a combination of fever induced with typhoid vaccine 
and less than 0 9 Gm of mapharsen, compare favorably with the results of pro- 
longed continuous routine treatment The theiapeutic results obtained with less 
than 1 Gm of mapharsen alone aie definitely less satisfactoiy than when a total 
dose of 1 Gm or more is used The risk of arsenical encephalopathy increases 
with the amount of mapharsen given The combination of fever induced by 
typhoid vaccine with massive mapharsen therapy does not prevent cerebial reactions, 
but it lessens the fiequency of their occurrence by peimitting a smallei total dose 
of maphaisen without loss of therapeutic effectiveness 

Coutts has tieated 13 patients with early syphilis by the use of artificial 
fever togethei with a single intravenous injection of arsenoxide and one intia- 
musculai injection of bismuth All lespondcd favorably to this tieatment except 
1, a woman, two and a half months pregnant, who had an infectious relapse thiee 
months aftei the one day treatment Two seiious although not fatal reactions are 
lecorded One patient had hepatitis, and another had anuiia with azotemia 

An attempt has been made by Simpson and his co-v orkei s to deteimine on 
an expel imental basis the value and limitations of a quantitative serologic test for 
syphilis in relation to clinical response in patients with early syphilis who weie 
subjected to aitificial fever theiapy alone It ivas the oiiginal plan of this expeii- 
ment to tieat 25 patients with clinically obvious primary and secondary syphilis 
with appioximately fifty hours of fevei with a temperature between 105 and 
106 F Fevei w^as administered in sessions of five hours' duration at w’^eekly 
intervals for ten w^eeks After the first 8 patients were tieated by this method 
it became obvious that fever therapy alone would not cuie early syphilis It was 
therefore deemed advisable to abandon this type of tieatment because of clinical 
1 elapses However, the followung observations w'eie made The primary or 
secondary lesions tended to heal after the first few fever treatments, but as this 
type of treatment progressed, the serologic reactions of the blood for syphilis 
became more strongly positive In every instance the progiessive rise in titei 
preceded a clinical i elapse 

The same group of workeis have studied the serologic response to treatment 
with combined fevei and chemotheiapy Tw'enty-seven patients with piimaiy oi 
secondary syphilis were treated with combined fever and chemotheiapy The 
fever was given either in twelve sessions of three hours or in ten sessions of fiie 
hours, with temperature levels of 105 to 106 F The fevei w^as administered once 
01 twice a w^eek During the course of each fever treatment, patients weie given 
either 0 3 Gm of neoarsphenamine, oi 40 mg of mapharsen along wuth 0 2 Gm 
of metallic bismuth A few patients m the group received bismarsen Aftei the 
termination of fever treatment, chemotherap)' was continued for an additional 
twenty weeks All patients in the series weie followed for at least foui yeais, 
the longest period of obseivation being eight years 

The 27 patients were divided into thiee groups The first group compiised 5 
male patients with primary syphilis treated twice weekly In this group all patients 

145 Coutts, W E Consideraciones sobre algunos aspectos de venereologia contemporanea, 
Bol Ofic san panam 21 1175 (Dec ) 1942 

146 Simpson, W M , Rose, D L , and Kendell, H W Quantitative Serologic Studies in 
Early Syphilis I Treatment with Artificial Fevei Alone, Ven Dis Inform 23 403 (Nov ) 
1942 

147 Kendell, H W , Rose, D L , and Simpson, W M Quantitative Serologic Studies 
in Early Syphilis II Treatment with Artificial Fever Combined with Chemotherapy, Ven 
Dis Inform 23 408 (Nov ) 1942 
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had a i6V0isal to negative of the serologic reaction foi syphilis within twenty-thiee 
to sixty-four days Those patients with the highest original titers tended to take 
the longest time to attain negative seiologic reactions In this gioup no patient 
had clinical or serologic relapses 

The second gioup was comprised of 10 patients, 5 males and 5 females, who 
had secondary syphilis and who received treatment once a week Three of these 
patients had leceived from one to five injections of an arsenical preparation piioi 
to combined fever and chemotheiapy The titers of all of these patients tended to 
be somewhat higher than those of the fiist group, and it took fifty to ninety-thiee 
days aftei treatment was begun to attain negative seiologic reactions Again, those 
patients with the highest titeis had moie slow leversal There weie no clinical oi 
seiologic 1 elapses m the gioup 

The third gioup was composed of 12 persons, 10 males and 2 females, all with 
secondaiy syphilis, treated with combined fevei and chemotherapy twice a w^eek 
Seven of these had leceived from one to twelve mtiavenous injections of an 
arsenical prior to starting fever therapy The time at which serologic negativity 
was attained varied between twenty-eight and sixty-six days aftei tieatment was 
begun As m the othei two gioups, without exception, low seium titers tended to 
leverse moi6 quickly than high seium titeis 

Taking the three groups as a whole, no correlation could be obseived between 
the height of the initial seiologic titer and the clinical status of the patient Patients 
having clinically compaiable lesions exhibited great vaiiations m the initial titeis 
When treatment was adequate, the decline m the serologic titer piogressed at a 
constant late Theie was no appreciable difiteience m the rate of seiologic reversal 
wdiether patients received treatment weekly oi moie intensively, twice weeklj 

Since the results obtained by these piolonged courses of combined fever and 
chemotheiapy were so eiicoui aging, the Dayton gioup sought to compress the 
duiation of tieatment into a still shorter period Twenty-three patients with 
dark field-positive primary syphilis and stiongly positive seiologic reactions were 
subjected to a single ten hour session of artificial fever with a tempeiature of 
106 F, combined with 025 Gm of bismuth subsalicylate m oil, and maphaisen m 
a total dose varying between 120 and 240 mg Two patients weie given 240 mg 
by the continuous mtiavenous drip method This proceduie was abandoned in 
favor of the administration of the drug by the syringe method In the latter case, 
the drug was given m 60 mg doses at inteivals of three hours, fiom two to four 
such doses were administered 

The only complication noted to this combined theiapy was the development of 
transient jaundice Serologic reactions of the blood for syphilis leveised to 
negative in twenty-one to one hundred and seventy-six days Theie was no cor- 
relation between the amount of diug given and the lapidity with which the reactions 
become negative The progressive decline of titer to negativity was essentially the 
same as that noted m persons receiving a larger total amount of both artificial 
fever and chemotherapy over a longer period Patients m this gioup have been 
followed for six months, during which there have been no serologic relapses 

The cautious statements made by the Dayton workers m these papers regard- 
ing the very small series of patients treated by them formed the basis for the 
outrageously sensational Readei'^s Digest article by de Kiuif, Found A One 
Day Cure for Syphilis,” commented on unfavorably m the previous review of this 

148 Rose D L Simpson, W M, and Kendell, H W Quantitative Serologic Studies 
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series^ Physicians, if not the public, will once more be impiessed by the con- 
seivatism of science and the recklessness of sensational medical journalism 

An editorial writer,^^® commenting on a recent popular article on the so-called 
“one day cure” for syphilis by combined ai seme-fever therapy, writes 

riie method has very definite hazards Not everyone can tolerate a fever of 106° F , and 
patients with certain defects should never be exposed to such a temperature Too 

few cases have been treated and too short a time has elapsed to know if there are any late 
serious effects of the treatment and if the results of the disease are permanent It may be a 
step forward in the treatment of syphilis, but much experimental work must be done to be 
sure that this particular technic is the proper procedure for every case of syphilis 

Physicians can assure their questioning patients that the one-day treatment is in the experi- 
mental stage and is not a safe and sure procedure and that it will eventually be made readih 
available if scientific evidence warrants its acceptance 

Expenmental Evaluation of Intensive Methods of Theiapy — In the evaluation 
of a new drug or a new therapeutic procedure, it is customary to determine toxicitj 
and therapeutic efficacy in the expeiimental animal prior to clinical trial How- 
ever, intensive arsenotherapy of early syphilis has been extensively used without 
benefit of such experimental data 

A large scale laboratory study by Eagle and Hogan has clarified the situation 
These investigators have studied twelve different mapharsen treatment schedules 
in which the total duration of treatment varied from ten seconds to six weeks, and 
in which the frequency of injection varied from standard clinic practice of ueekh 
injections to injections repeated four times daily 

In their first paper. Eagle and Hogan describe the effect on toxicit) of 
mapharsen of varying the method of administration, the frequency of injections and 
the total duration of treatment Judged by toxicity m rabbits, the continuous 
intravenous drip offered no significant advantages over multiple injections On 
any schedule of injections, whether weekly, triweekly, daily, several times dail> or 
a continuous intravenous diip, the total amount of mapharsen tolerated can be 
increased by piolongation of the period of tieatment It is possible, furthei, to 
increase the amount of maphaisen which can be given with safety within a guen 
time period by increasing the frequency of injections Although less drug can be 
given per injection, the total toleiated dose is thereby significantly increased 

Various methods have recently been suggested for the intensification of anti- 
syphilitic treatment The decision as to the optimum treatment schedule would be 
clearly facilitated by a systematic stud}'^ of the “chemothei apeutic index” (the 
margin of safety between the amount of diug tolerated and the amount found to 
be therapeutically effective) as it is affected by varying the frequency of injections 
and the total duration of treatment In their second paper Eagle and Hogan 
present data on the thei apeutic activity of mapharsen in experimental rabbit syphilis 
and on the toxicity-activity latio (margin of safety) as they aie affected by the 
method of administration The authors’ summary is as follows 

1 The total curative dose of mapharsen m syphilitic rabbits (CDo^) was 

(a) 6 3 gm per kg for a single injection, and 81 mg per kg for 6 weekly injections, 

(b) 7 7 mg per kg for 12 triweekly injections (4 weeks) , 

149 The One-Day Cure for Syphilis, editorial. New England J Med 227 720 (Nov S) 
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150 Eagle, H , and Hogan, R B An Experimental Evaluation of Intensive Methods for 
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(c) 6 3, 3 0, and 6 4 mg per kg for daily injections repeated for 1, 4, and 12 da>s respec- 
tively , 

(d) 5 9, 6 2, and 3 6 mg per kg for multiple injections daily continued for 1, 2, and 4 days 
respectively, and 

(e) 8 9, 6 8, and 112 mg per kg for an intravenous drip (5 and 6 hours daily) continued 
for 1, 2, and 4 days respectively 

The dose which cured 50 per cent of the animals in the various schedules was 35 to 75 
per cent of the corresponding minimal curative dose 

2 The intravenous drip was significantly less effective than multiple syringe injections 
administered over the same time period 

3 Comparing the 8 treatment schedules involving syringe injections repeated at var>mg 
intervals (2 hours to 1 week), and continued for varying periods (10 seconds to 6 weeks), 
the curative dose of mapharsen was largely unaffected by the method of administration, 
varying only between 3 0 and 8 1 mg per kg With reservations necessary because of the 
large experimental error, there was some indication that syringe injections completed in 
4 days were more effective than either longer or more intensified schedules Excluding the 
two schedules completed within 4 days, the curative dose on the remaining 6 schedules \aned 
only between 5 9 and 8 1 mg per kg 

4 On any schedule of injections, whether weekly, triweekly, daily, multiple daily, oi 
intravenous drip, any desired margin of safety between the toxic and therapeutic dose of 
mapharsen could be obtained by appropriate prolongation of the treatment period Tlie 
intensification of treatment by arbitrarily decreasing the number of injections, and giving 
more mapharsen per dose, necessarily resulted in a closer approach to the toxic level, and a 
narrowed margin of safety 

5 The short-term intravenous drip (1, 2, or 4 days) usually gave an even lower margin 
of safety (21, 4 7, and 4 0 respectively) than did multiple daily syringe injections over the 
same time period (21, 4 3 and 10 6 respectively) This is due to the fact that the intra- 
venous drip was only slightly less toxic, and was usually less effective than schedules 
involving multiple syringe injections The margins of safety cited are only a fraction as 
great as those which could be obtained by prolonged daily, triweekly, or weekly injections 

6 By properly adjusting the total number of injections, the duration of treatment on 
weekly injections can be cut 50 to 65 per cent without i educing the maigm of safety bi 
injecting mapharsen triweekly instead of weekly, and can be reduced to an even greater 
extent by giving injections daily or several times daily Ihe intravenous drip does not permit 
a maximal safe condensation of treatment It is less effective in this respect than daih 
injections, and only slightly more effective than a triweekly schedule This is due primarilj 
to its low therapeutic efficacy 

7 An appreciable condensation of treatment beyond that permitted by triweekly, daily, 
or multiple daily injections can be accomplished only at the cost of safetj, by an arbitrary 
decrease in the total number of injections Necessarily, more mapharsen must then be given 
at each injection, with a closer approach to the toxic level, and a proportionate decrease in 
the margin of safety 

The clinical implications of then experimental study aie also discussed b} Eagle 
and Hogan It is pointed out that in the various intensive treatment schedules 
which have been used foi the treatment of early syphilis in man, the “curative” 
dose of mapharsen is largely independent of the frequency of injections or the 
duration of therapy The curatne dose has been 20 to 30 mg per kilogram, oi 
approximately 1,500 mg for a man weighing 60 Kg The margin of safety provided 
by any intensive theiapeutic procedure is therefore primarily a function of its 
toxicity The administiation of 1,200 mg of mapharsen by intravenous diip in fi\e 
days, with a safety factoi of 3 0, has i esulted m a mortality of 1 200 , w eekly 
injection, with a safety factor of 10, has a moitahty of less than 1 3,000, and 
tieatment schedules with inteimediaiy factoi s of safety have resulted in a corre- 
spondingly intei mediate incidence of deaths 

152 Eagle, H , and Hogan, R B An Experimental Evaluation of Intensive klethods for 
the Treatment of Early Syphilis III Clinical Implications, Ven Dis Inform 24 159 (June) 
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To keep the moitality rate from antisyphilitic tieatment less than 1 1,000 it is 
estimated that a margin of safety of 6 to 8 is lequired Any treatment schedule 
completed in twenty days oi less will lesult in a moitahty late in excess of this 
The desiied niaigin of safety is piovided, liowevei, by giving the total cuiative 
dose in thrice weekly injections for seven to twelve weeks, daily injections for 
appioximately six weeks, or multiple daily injections or an iiitiavenous drip for 
an estimated peiiod of four to six weeks Treatment tin ice weekly provides almost 
the maximum condensation of tieatment consistent Mitli safety and convenience 
It has the advantage of peiinittmg the theiapy to be earned out on an ambulant 
basis This method is now under study in eighty cooperating clinics 

Kolmer and Rule have detei mined the toxicity of mapharsen and of neo- 
arsphenamine administered by the intravenous drip method to noimal labbits as 
compared with the toxicity of these diugs when given by multiple injection The 
maximum toleiated dose of maphaisen foi labbits with the continuous intravenous 
drip method (daily foi five days) w^as about 0 06 Gin per kilogram of weight, 
with the syiinge method, the single maximum tolerated dose w'as about 0015 Gm 
per kilogram The maximum tolerated dose of neoaisphenamine gnen by five 
day intravenous drip w'as about 0 3 Gm per kilogram, and w'lth the syringe method 
of administration the single maximum toleiated dose was about 0 225 Gm per 
kilogiam The tolerance of rabbits foi botli compounds appeared bettei wnth tlie 
continuous intiavenous drip method than with the administration of single doses bj 
syringe injection, this being paiticulail)' notable m the case of maphaisen 

The arsenic content of the blood of patients wnth eail) syphilis treated intensively 
with multiple injections of mapharsen has been detei mined by Siegel and his 
co-workers Characteristic and essentially similai cun'es weie recorded for 15 
patients who leceived maphaisen alone and 16 patients w’ho received fever therapy 
with t)’’phoid vaccine in addition to mapharsen The mean morning values of 
blood aisenic of patients leceiving maphaisen alone show^ed a progressive rise to 
16 micrograms of aisenic pei hundred cubic centimeters of whole blood in the 
course of the first five days of therapy The mean moining values of blood 
aisenic of patients who received combined mapharsen and fever therapj'’ showed 
a prompt rise to about 10 micrograms per hundred cubic centimeters after 
one day of treatment, remaining essentially unchanged during the next three days 
and climbed during the next three days to 17 miciograms 

Comparison of these results from the multiple syringe method wnth the results 
of observations with the continuous intravenous drip method reveals a close 
parallelism in morning low point concentrations of blood arsenic obtained with the 
two methods of administration 


Intensive Ai senothei apy via the Bone Manow — Following the demonstration 
of the feasibility of introducing fluids into the body by w^ay of the bone maiiow 
when veins are inaccessible, as in infants and obese adults. Wile and Schambwg 
have investigated the possibility of intensive ai senothei apy by this route Seven 
rabbits w^eie given massive arsenotherapy by bone marrow infusion drip, 4 
mapharsen per kilogiam of body weight each day foi fi^e successive days 


To 
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2 control rabbits intravenous massive arsenotherapy was administeied Pulmonary 
fat emboli, presumable from displacement of fat from the bone marrow, were 
demonstrated m 5 of the 7 rabbits treated via the bone marrow, whereas no fat 
emboli were seen m the 2 animals treated by vein Except for fat embolism, the 
visceral histologic damage seen m rabbits treated by bone marrow infusion was 
essentially the same as that noted m rabbits treated by vein The toxicity of 
mapharsen did not appear to be altered when administered by the former route 
The finding of pulmonary fat emboli in animals treated by bone marrow infusion 
leads the authors to conclude that the procedure “cannot at piesent be considered 
free from hazard in human beings ” 

Intensive Arsenotherapy in Pregnancy — Rattnei has treated 27 piegnant 
syphilitic women by five day massive dose arsenotherapy, usually with the con- 
current administration of bismuth The treatment was well tolerated by both 
mother and fetus regardless of the stage of the pregnancy or the duration of the 
syphilitic infection In no case was there a severe reaction or interference with 
the pregnancy Of the 27 patients, 1 was lost from observation, 25 gave birth to 
full term, nonsyphihtic infants, and 1 syphilitic infant was born to a mothei who 
may have acquired a second infection following therapy for the first In addition 
to this group, 5 other patients who had been treated intensively subsequently 
became pregnant and delivered normal children although further antisyphilitic 
therapy was withheld 

Intensive Arsenotherapy in Congenital Syphilis — Demonstration of the fact 
that acquired syphilis in adults can be cured in five days by intensive arsenotherapy 
has led to the application of this form of therapy to the treatment of congenital and 
acquired syphilis in infants and children 

Levin and his co-workers have treated 32 infants and children with congenital 
syphilis and 4 children with early acquired syphilis with massive doses of mapharsen 
given intravenously over periods of five days The results of therapy in the group 
of patients with congenital syphilis were notably inferior to those obtained by 
similar treatment of early acquired syphilis in adults, and the authors believe that 
“the spirochetosis of congenital syphilis produces widespread changes more resistant 
to treatment than acquired syphilis” Of 32 patients with congenital syphilis (12 
under 3j4 months of age), the serologic reactions of only 12 became negative In 
contrast to this, tlie reactions of all 4 children with early acquired syphilis promptly 
became negative Quantitative serologic studies were made in all cases, and a 
rising titer six months after treatment was considered an indication foi a second 
course of therapy 

The authors properly stiess the importance of adequate pediatiic caie All 
of their patients had been examined and had demonstrated their ability to lake 
food and maintain fluid balance befoie being subjected to the rigorous fi\e daj 
treatment There were no serious toxic reactions or deaths 


LATE SYPHILIS 

Latent Syphilis —In studying latent syphilis among patients in general hospitals, 
Gelperin has sought to obtain information by the questionnaire method as to 

ISfi Rattner H Treatment of Syphilis in Pregnancy by the Five-Day kfassne Dose 
Method, Proc Inst Med Chicago 14 420 (May 15) 1943 

157 Levin, I M , Hoffman, S J , Koransky, D S , Richter, I B , and Gumbiner, B 
Cons-enital and Acquired Syphilis in Infants and Children Treatment with Massive Doses of 

Arsenic Intravenously, JAMA 120 1373 (Dec 26) 1942 . i a t 
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(1) the extent of the problem, (2) facilities foi follow-up of patients with latent 
syphilis, (3) whethei routine serologic tests aie peiformed, and (4) the percentage 
of admissions which were fiee 

Information was obtained from 56 hospitals Of these, 49 had follow-up 
services to insure posthospital treatment for patients with early syphilis, next 
frequent vas follow-up for patients with active late manifestations of the disease, 
and least frequent, similai seivice for those with latent syphilis Since it is the 
last group in whom disastrous late complications develop, a hospital that cares 
for the indigent sick must begin its attack with the diagnosis of latent syphilis as 
frequently as possible The piovision of opportunity for antisyphihtic treatment 
subsequent to the patients’ dischaige from the hospital is a responsibility shared 
by the hospital and the local health authority 

Syphihs of the Eye — A thorough review of tlie ocuLu lesions in congenital and 
m acquiied syphilis has been published by Woods This splendid article, a 
summary of the entire subject of ocular syphilis, does not lend itself to condensation 
Involvement of each of the various structures of the eye is discussed in detail 
For a readable and well documented review, the original article should be 
consulted 

P)unaiy Atiophy of the Optic Nci‘vc — An evaluation of the lesults of treat- 
ment in 250 cases of syphilitic primary atrophy of the optic nerve followed over 
man}’^ }ears is detailed by Mooie and his co-c\orkers In their study, primary 
atroph} of the optic nerve was found to occur in at least 8 per cent of all patients 
with clinical evidence of acquiied neurosyphilis The incubation period of the 
condition varied widely, although the majority of patients had onset of symptoms 
during the second decade of the disease Atiophy of the optic nerve occuired 
more than twice as fiequently in tabes as m other t}pes of neurosyphilis In 
uncomplicated dementia paralytica it was found to be lare 

The therapeutic results were subjected to statistical analysis by the life table 

method Among untieated patients, blindness occurred in 28 pei cent within one 

year of onset of symptoms and in 50 per cent within two years, and less than 

90 pel cent weie blind m twelve yeais Routine antisyphihtic treatment with 

tnvalent arsenicals and bismuth failed to alter significantly the spontaneous course 
of the untreated disease Subduial therapy precipitated blindness in almost 10 
per cent of patients The slight difference between the untreated group and the 
group receiving subduial therapy could have been due to selection Of patients 
given malaria therapy, only 9 pei cent weie blind at one year after onset of 
symptoms, 14 per cent weie blind at two years, and thereaftei, for observation 
periods up to fifteen yeais, no additional blindness ensued In general, the prognosis 
was less favorable in the presence of cential oi paracential scotomas The authors 
conclude , 

1 Syphilitic primary optic atrophy occurs more frequently in association with tabes dorsalis, 
though It not infrequently may constitute together with pupillary changes, the only clinical evi- 
dence of neurosyphilis It is probable that the fundamental process is the same in all types of 
neurosyphilis 

2 The course of the untreated disease is extremely variable The process almost always 
becomes bilateral soon after onset of symptoms and 90 per cent of untreated patients are 
blind within twelve years There is a small group of patients in whom progression is quite 
slow 

159 Woods, A C Syphilis of the Eye, Am J Syph, Conor & Ven Dis 27 133 (March) 
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3 Our data suggest that the de\elopment of syphilitic piimaij'' optic atrophy can be pre- 
%ented by the adequate routine tieatment of eaily syphilis 

4 Routine therapy with the trivalent ai senicals and bismuth is not ot any value in the 
tieatment of syphilitic pnmaiy optic atrophy 

5 Subdural treatment bj the Swift-Elhs technique should be abandoned Its dubious 
\ alue in an occasional patient is outweighed by a risk of sudden extinguishment ot \ ision 
in about 10 pei cent of those treated 

6 be\ei therapj' (in oui hands malaria, since we ha\e had no experience with the use 
of mechanically induced fevei in this condition) is the only efficacious method of treatment 
If visual failure progresses in spite of fever therapy, no othei foim of therapy is likely to 
be ot A alue It must be emphasized that these conclusions aie subject to specific limitations 
imposed by the material upon which this study is based Since malaria therapy was, by and 
large, not given to patients with the most rapidly piogressive type of disease, no statement 
IS permissible as to its efficacy m this group It is ceitain that many of our untreated and 
routinely treated patients would not have been benefited by any treatment , indeed in maiiv 
there was literally no time for treatment The fact remains that where there is time for 
treatment, malaria is of definite practical value Since early diagnosis is often possible only 
by routine determination of the visual fields, fundi, and visual acuity, this procedure is recom- 
mended as a routine supplement to the clinical and laboratoiy examinations in all patients 
with neurosyphilis Onlj' by early diagnosis and the immediate induction of malaria is there 
an}' hope of arresting the most fulminating cases 


OptocJnasmafic A) acJwojdttis — When defects of the visual field occui in a 
patient with syphilis, they most often indicate parenchymatous disease of the optic 
nerve which ultimately terminates m atrophy The possibility of adhesions about 
the nerves and chiasm nevertheless exists Syphilis is an etiologic factor in 
optochiasmatic arachnoiditis, but there are othei causes Ryan reports 3 cases 
of this condition m which syphilis was excluded as the cause Tumor of the 
pituitary gland, hereditary atrophy of the optic neive (Lebei’s disease) and glioma 
of the optic chiasm most fiequently enter into the differential diagnosis 

Osseous Lesions — The diagnosis of osseous lesions associated with acquired 
syphilis from the vieAvpoint of the ladiologist is discussed by Truog Nine cases 
are detailed and the roentgenograms leproduced In his experience, the osseous 
lesions of acquired syphilis may simulate many other conditions involving bone 
However, the simulation is not complete, since certain charactei istic changes of 
these other conditions aie not piesent Unfortunately, no information is presented 
as to the duration of the syphilitic infection in any of the cases The age of ceitam 
of the patients and the destructive nature of the osseous lesions suggest that some 
of the infections may have been recently acquiied With the authoi s suggestion 
that “All syphilitic bone lesions should be referred to as syphilitic osteomyelitis,” 
there should be considerable disagreement Periostitis and osteoperiostitis not 
only occur but are indeed the more frequent manifestations of osseous syphilis 

Syphilis of the LaiyiU'— Wood notes that in the larynx syphilitic lesions do 
not follow the classic time relationships of the secondary and tertiary periods 
Laryngeal involvement may occur AVith the development of the chancre, and tertiary 
lesions may accompany or closely follow the secondary stage of the disease 

Early laryngitis is a diffuse serous erythema, Avith intense swelling and foima- 
tion of papular thickening of the epithelium Supeificial ulcerations, comparable 
to mucous patches, frequently occui Tertiary lesions aie diffuse or circumscribed 
gummatous infiltrations, which may break down to form deeply punched-out 
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ulcerations Perichondritis may follow, with necrosis and exfoliation of cartilage 
With healing, there may be stenosis and deformity of the larynx Other laryngeal 
lesions include paralysis of the vagus nerve in syphilis of the central nervous system 
and involvement of the recurrent laryngeal nerve f i om pressure due to aneurysm of 
the aorta 

Syphihs of the Lwei — In an extensive review dealing with cirrhosis of the 
liver, Ratnoff and Patek^®^ found that of their 386 patients with cirrhosis, 62 (16 
per cent) had evidence of syphilis The high incidence of syphihs among patients 
with cirihosis is not readily explained No correlation between syphilis and 
alcoholism is present, since syphilis is found as a precursor of cirrhosis in countries 
where alcoholism is unimpoitant as a piedisposmg factor (e g, Syria and India) 
Dietary factors may be of importance, but the precise relationship to syphilitic 
infection is not clear 

Thirty-four of the patients m the series had been treated with arsphenamine 
or one of its derivatives Two of these were jaundiced during the penod of 
therapy 

In a review of nonobstructive jaundice, Ottenburg and Spiegel say 

Disease of the hepatic parenchyma is due cither to infections, directly or indirectly, or to 
chemical agents The clincial features help little in determining the etiology of a given case 
Neither do the new tests of hepatic function For example, the manifestations of (1) simple 
(or catarrhal) jaundice, of (2) jaundice following the use of cinchophen or arsphenamine and 
of (3) the jaundice which occasionally appears in early secondary syphilis, are similar 
Most forms of acute hepatic degeneration may progress to a fatal issue with the clinical 
and histologic characteristics of acute yellow atrophy 

Among the infectious diseases known to cause nonobstructive jaundice is 
syphilis In about one half of the fatal cases of congenital syphilis, involvement 
of the livei occurs, the most characteristic anatomic picture being a diffuse inter- 
stitial hepatitis m which huge number of spirochetes are found 

The occurrence of jaundice in secondary syphilis has been recognized for many 
years The incidence of jaundice associated with early syphilis is estimated to be 
between 0 37 and 1 4 per cent Acute yellow atrophy, according to Ottenberg 
and Spiegel (though few syphilologists would agree), develops in about 10 per 
cent of the cases In one reported series of such cases jaundice appeared from 
two to four months after the chancre If the jaundice is untreated its duration 
may be three weeks to three months It generally occurs with the secondary 
lesions but may be present with recurrent cutaneous lesions Clinically, jaundice 
associated with secondary syphilis cannot be distinguished from simple jaundice, and 
the differentiation rests on the presence of chancre or secondary lesions The 
jaundice clears promptly after the administration of one of the arsphenamines 

The pathogenesis is disputed, but on the basis of the fairly frequent development 
of acute yellow atrophy the view of Herxheimer that there is a parenchymatous 
degeneration seems most acceptable Spirochetes could not be found in the livers 
of patients who died 

The authors list all of the chemicals which have been reported to be hepatotoxic 
agents These are divided into three gioups first, those causing direct injury 
to the hepatic parenchyma , second, those causing primary hemolysis with secondary 

164 Ratnoff, O D , and Patek, A J , Jr The Natural History of Laennec’s Cirrhosis 
of the Liver, Medicine 21 207 (Sept) 1942 

165 Ottenberg, R , and Spiegel, R The Present Status of Non-Obstructive Jaundice Due 
to Infectious and Chemical Agents Causative Agents, Pathogenesis, Interrelationships, Clinical 
Characteristics, Medicine 22 27 (Feb ) 1943 
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injuiy to hepatic cells, and third, those which result m idiosynciasy, hyper- 
susceptibihty and allergic sensitivity in human beings The ai sphenamines fall 
into the thud group 

Distinction is drawn between the early type of postarsphenamine jaundice, which 
appeals within the first week or two after an infection, and the delayed type, which 
may occur as late as three to ten months after the termination of treatment The 
early type is usually associated with a definite time peiiod after the patient receives 
a given dose of an arsenical, and m most cases there are initial toxic symptoms 
immediately aftei the injection, such as fever, chills, gastrointestinal disturbances 
and toxic erythema Erythema of the ninth day belongs to this early type The 
delayed type of jaundice is moie fiequent, occurring m about two thirds of all of 
the cases The clinical picture ma.y vaiy from that of simple jaundice to that of 
acute 3^ellow atiophy 

Theie has now been demonstrated that there are two types of jaundice following 
the use of aisenical drugs which can be distinguished on the basis of laboratory 
tests With the more common form there are laboiatory findings of hepatocellular 
damage The less frequent foim Is characterized by changes suggestive of biliary 
obstruction, such as elevated values for total blood cholesterol and cholesterol 
estei, a high concentration of blood phosphatase, and a negative reaction m the 
cephalin flocculation test In cases of this type biopsy of the liver shows thrombi 
m the biliary canaliculi with cholangiolitis similar to that described by Naunyn 
This obstiuctive type is particularly seen in eaily jaundice or eiythema of the 
ninth day The point of view that jaundice is dependent on the arsphenamines is 
based on a number of well known facts, as stated by Ottenberg and Spiegel 

(1) Definite anatomic syphilis of the liver is rarely associated with jaundice 

(2) Arsphenamine jaundice is not accompanied by serologic evidence of recurrence 

(3) Experimentally, arsphenamine does damage the liver functions and large doses can 
produce jaundice in dogs 

(4) The increased incidence of jaundice is definitely para therapeutic 

(5) Paratherapeutic jaundice is also observed as a complication in nonsyphilitic cases 

(6) There is occasionally concomitant occurrence of other symptoms of arsphenamine poi- 
soning such as the characteristic dermatitis or the aplastic anemia 

(7) Liver damage has been demonstrated in the latent period of delayed arsphenamine 

jaundice A similar variable latent period has been demonstrated with other hepato- 

toxins, for example, chloroform 

The differential diagnosis between simple jaundice and arsphenamine jaundice 
IS often difficult An asymptomatic onset, or diairhea and dermatitis are more 
common in arsphenamine jaundice, while abdominal pain and tenderness are more 
frequent in simple jaundice The authors believe that arsphenamine is of prime 
importance m most cases of delayed arsphenamine jaundice However, the 
occurrence of arsphenamine jaundice with the epidemics of simple jaundice indicates 
that in some patients the two factois may be synergistic It must be granted that 
occasionally simple jaundice may develop in a patient who is receiving antisyphilitic 
therapy 

Jaundice from bismuth and mercury is briefly discussed It is believed that 
these two drugs are hepatotoxic agents but much less frequently than the ars- 
phenamines 

Seeking to determine the effect of syphilitic infection and of antisyphilitic 
theiapy on hepatic function, Vallejo and his co-workers^®® have studied a senes 

166 Vallejo, V L , de la Cuesta, L , and Rodriguez, E La prueba de althausen in sifilo- 
grafia, Rev argent de dermatosif 26:361, 1942 
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of 17 patients with the test of Althausen, one which is concerned with the gl}cogenic 
capacit}'^ of the liver aftei the administiation of insulin and dextiose Judging bj 
the results of this test, antisyphihtic therapy is well tolerated by the livei Occasion- 
ally, diminishing hepatic function can be demonstiated, and if this is piogressive, 
as demonstiated by the Althausen test the authois believe that antisvphihtic 
tieatment should be suspended Most physicians an ho treat syphilis no doubt 
Avill consider routine tests of hepatic function impracticable m clinic oi office 
practice, howevei desiiable they ma} be loi the caily detection of damage to the 
In er 

C \RDIOVASCOLAR SARHIUS 

Diagnosis of Aoi hfis — Kampmeiei, Glass and Fleming^®" behe\e that for 
piactical pui poses the clinical diagnosis of uncomplicated aoititis is impossible 
This conclusion was reached after ciitical analysis of 33 cases of this condition 
found at postmoitem examination, m which clinical and pathologic obsenations 
weie coirelated Sixteen of the patients had no symptoms referable to the caidio- 
vasculai system The otheis weie found to have pathologic CMdence of disease 
which ofteied a better explanation for the symptoms and signs than did uncompli- 
cated aoititis Fuitheimore, cai diovasculai symptoms and signs appeared as 
commonly m a grou]) of 30 syphilitic persons who piesented no evidence of aoititis 
at necrops} as m those patients who did show such pathologic changes The 
authors concede that foi an occasional patient with stenosis of the coionarj 
ostiums a diagnosis of uncomplicated syphilitic aoititis may be made with 
reasonable certainty, but there w'eie no instances of this m their material 

Histologic Changes — It has long been known that adequate antisjphihtic 
treatment will bring about clinical and symptomatic improvement in syphilitic 
aortitis Restoiation of normal stiucture is not to be expected, since the tissues 
in the wall of the aorta, once destroyed, cannot be i eplaced How evei , as How e 
points out, arrest of the disease by adequate theiapy may be correlated with 
improAement in the histopathologic appearance of the aorta In a detailed study 
of 17 tieated patients wnth cases of aortitis, the amount of cellular infiltiation 
into the aortic wall was found inversely proportional to the amount of arsenical 
theiapy leceived No correlation w'as demonstrated between the histopathologic 
appearance of the aoita and the duration of the syphilitic infection, noi was theie 
any cleaicut lelationship Avith intensity oi duiation of treatment wnth bismuth oi 
mercury compounds There w'as no appaient con elation with the amount of 
arteriosclerosis or fibrosis 

Cai diovasculai Syphilis and the Indiistiial Employee — Discussing the impoi- 
tance of cardiovascular syphilis to the industiial physician, Kotte^®® points out 
that pathologic changes in the ascending aoita aie common in patients wnth 
clinically latent syphilis and that the early detection of uncomplicated aortitis is 
exceedingly difficult In his opinion, every patient wnth untieatfd latent syphilis 
should be regarded as having aortic involvement Heav}^ w^ork aggravates the 
disease in such a person and ma)^ be a predisposing factoi m tbe development of 
aortic dilatation, aneurysm or valvulai insufficienc}’’ 

167 Kampmeier, R H , Glass, R M , and Fleming, F E Uncomplicated Syphilitic 
Aortitis — Can It Be Diagnosed^ Ven Dis Inform 23 254 (July) 1942 

168 Howe, E G The Alicroscopic Pathologic Appearance of the Aorta in Tieated and 
Untreated Cases of Syphilitic Aortitis, Am J Syph, Conor & Ven Dis 27 SO (Jan) 1943 
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G^mmm of the HeaH —Spzm and Johannsen^^” lepoit that m the depaitment 
of pathology at Bellevue Hospital theie have been seen 3 examples of gumma of 
the heart In 1 of the cases there Avas also found extensive gummatous pulmonary 
arteritis Attention is called to the fact that only 17 cases of the lattei disease 
have been leported in the literature 

Case reports and autopsy observations are piesented In all cases, electro- 
caidiograms revealed conduction defects In 1 case the gumma impinged on both 
the tricuspid and the pulmonaiy valve leaflets, lesulting m a functional impair- 
ment of the valves In anothei, the lesion invaded the posteiioi mitral leaflet and 
produced stenosis and insufficiency 

Gumma of the heart muscle was about three times as common as diffuse 
syphilitic myocaiditis in the autopsy series of O’Daly Gummas of the heait 
may become encapsulated or calcified, or they may undeigo cential necrosis with 
weakening of the wall of the heait to pioduce aneurysmal dilatation Syphilitic 
aneurysms of the heart may or may not be associated with aoititis 

Syphilitic Coionmy Aiteiitis — Syphilitic aortitis lesulting in narrowing of the 
mouths of the coronary arteiies is occasionally encounteied Rarely does the 
process extend more than a few millimeters into the coronal y aiteries Marked 
syphilitic involvement of the coronary arteries throughout a largei portion of 
the vessels with involvement of the media is rare Sti assmann and Goldstein 
reported such a case 

A white woman aged 35 became suddenly ill with seveie pain m the hypogastrium 
and died while on the way to the hospital The principal change seen at autopsy was 
syphilitic aortitis with narrowing of the mouths of both coronaiy arteries The 
orifice of the left aitery was nai rowed to a pinpoint, that of the right to a diameter 
of 1 mm There was marked concentric thickening of the bi anches of the coronary 
arteries throughout their course The changes usually seen in arteriosclerosis were 
not present Striking changes were found in the anterior descending branch of the 
left coronary arteiy A section thiough the arter}'- about 2 cm from the mouth 
showed slight periadventitial and intense adventitial infiltiation with lymphocytes 
and plasma cells There was also obliterating endarteritis of the vasa vasorum of 
the adventitia The most pronounced lesion was found in the media of the left 
coronary artery, which was completely encircled by a dense infiltrate of lymphocytes 
and plasma cells A section stained for elastic tissue demonstrated this cellular 
infiltrate to extend fiom the adventitia in some places as far as the intima In 
addition, there were destruction of elastic fibers, necrosis and scar tissue formation 
in other areas of the media The intima showed an area of marked fibroblastic 
proliferation with narrowing of the lumen of the vessel 

Burch and Winsor^'^ have leviewed the protocols of 6,225 consecutive post- 
mortem examinations at the Chanty Hospital at New Orleans to ascertain the 
incidence of myocardial infarction secondary to syphilitic coionary stenosis Three 
instances of this condition were found, and 9 additional cases were added from a 
review of the liteiatuie A histoiy of severe anginal pain in a middle-aged Negro 
with a positive serologic reaction for syphilis and no evidence of arteriosclerosis or 

170 Spain, D M , and Johannsen, M W Three Cases of Localized Gummatous Myo- 
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hypertension suggests the possibility of syphilitic coronary stenosis Approximately 
one fifth of all patients with syphilitic aortitis have involvement of the coronar> 
ostiums The condition is frequently associated with aortic regurgitation The size 
of the heart depends on the presence of concomitant aortic regurgitation or hyper- 
tension The mean age of patients with coronary involvement was 45 years Both 
coronal y ostiums weie involved in the majoiity of cases When myocardial infarc- 
tion occurs, sudden death is the rule In all 3 cases reported by the authois, death 
occuired within a few hours after the coronary occlusion became manifest Patho- 
logically, the appearance of the myocaidittm is indistinguishable from that following 
coronaiy occlusion secondary to artei losclerosis The latter condition not infre- 
quently IS superimposed on syphilitic coronary artei itis 

A series of 103 syphilitic patients subject to paroxysmal pain m the chest has 
been studied by Jones and Bedfoid,^"^ with special legard to the clinical char- 
acteristics of the pain and its pathogenesis There were 80 men and 23 women, 
a sex ratio of 3 5 to 1 The mam clinical findings were aoitic reguigitation in 
67 cases, dilatation of the aorta in 59, cardiac enlaigcment, often slight, in 83, 
and essential hypertension in 26 Electrocardiograms weie recoided as abnormal 
in 57 of the 94 cases in which they were made Seventy-six patients were 
subject to angina of effort, 64, to pain apart from effort Nocturnal attacks 
were common and usually independent of paroxysmal dyspnea Attacks tended to 
be prolonged but were relieved by nitrites Postmortem observations in 12 cases 
are given The common lesions of syphilitic angina were aortitis and aoitic 
regurgitation, usually combined with stenosis of the coronary ostia There vas 
no evidence that uncomplicated aoititis might cause anginal pain 

SypJnltUc Aitentis — Seeking to deteimme the frequency of syphilis of the 
intermediate-sized arteries, Potenza^'® has studied autopsy material from 43 
patients with aoititis or aneuiysm In this selected gioup, 30 (70 per cent) had 
lesions of the common carotid, the supeiior mesenteiic or the femoral arteiy The 
carotid was involved most commonly, sometimes apparently b)^ continuity from the 
aorta, and sometimes discrete fiom the laiger vessel In the 43 patients there 
were 24 instances of carotid aiteritis, 16 of femoral arteritis and 10 of involvement 
of the superior mesenteric aitery Histologically, infiltration of round cells and 
destruction of elastic tissue weie demonstrated m the media of the vessels, 
especially about the vasa vasorum 

Aneurysms of the hepatic artery aie among the laiei types of vascular lesions 
Malloy and Jason note that 85 cases are now on i ecord In only 7 of these 
was syphilis the etiologic agent, wheieas aiteriosclerosis was the cause in 15 The 
three most fiequently encountered symptoms and signs weie abdominal pain, 
hemoirhage into the gastrointestinal tract or abdominal cavity and icterus Treat- 
ment IS unsatisfactory and the prognosis grave Ligation, the only form of suigical 
therapy employed to date, is dangerous because it is likely to cause death fiom 
hepatic necrosis or insufficiency 

Serologic Tests in Cai diovasculai Syphilis — Since most of the papeis dealing 
with the incidence of the positive serologic reaction for syphilis in cai diovasculai 
syphilis include not only cases in which the more modern technics of examination 

174 Jones, E , and Bedford, D E Syphilitic Angina Pectoris, Bnt Heart J 5 107 
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were used, but also cases in which studies were made in years past with less 
sensitive tests, Beckh reports the results of serologic tests for syphilis made on 
the serums of 100 patients with cardiovascular syphilis which came to autopsy 
between March 1, 1933 and Jan 12, 1942 During this time the Wassermann and 
Kahn technics weie used, and they weie altered at no time duimg the period 

Of 51 patients with uncomplicated syphiltic aortitis, 86 per cent had positive 
serologic leactions for syphilis Of 49 patients with either aortic insufficiency or 
aneurysm, 88 per cent had positive reactions, and an additional 4 patients, which 
brings the total to 96 per cent, gave histones of having had either positive leactions 
at some time m the past or a histoiy of antisyphihtic treatment 

Angwcai d-iography — Taylor and McGovein^^® have studied the hearts and 
aortas of 100 patients with the use of diodrast as a contrast medium for angio- 
cardiography Included in this group were patients with cardiovascular syphilis 
Enlargement of the left ventricular chamber, muscular hypertrophy, regurgitant 
lesions and aneurysms of the aorta were readily demonstrated by the technic 

The injection of diodrast was controlled by preliminary determination of the 
circulation time Reactions to the injections were observed in most subjects, but 
none was severe enough to wairant discontinuing the injection The chief leaction 
was a sharp transient fall in blood pressure 

SYPHILIS OF THE CENTRAL NERVOUS SYSTEM 

A symposium on neurosyphihs presented by the Massachusetts Society foi 
Research m Psychiatry affords a leview of this subject m the light of piesent 
day knowledge 

By way of introduction to the symposium, Perkins cites data which indicate 
that substantial progress has been made in making available adequate treatment for 
dementia paralytica Comparing the period 1921 to 1930 inclusive with the decade 
1931 to 1940, fewer patients with dementia paralytica were admitted to State 
hospitals, fewer deaths from this cause occurred and the number of patients dis- 
charged as improved has increased 

Solomon notes that “knowledge of paresis and neurosyphihs is more 
complete than that of any other diagnostic category in psychiatry ” Nevertheless, 
he indicates a number of unsolved problems of diagnosis and therapy still awaiting 
definite answer 

The long term results of a study of the cases of 268 patients with syphilis of the 
central nervous system treated with diathermy are presented by Barton and his 
co-workers Having tried several different methods of employing fever therapy, 
the authors believe the treatment of choice to be electromagnetic induction in a 

177 Beckh, W The Serologic Reaction in Cardiovascular Syphilis, Am Heart J 25* 
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humidified cabinet, the patient’s temperatme being brought to 106 F and maintained 
at that IcA'^el for foui hours for each of seven peiiods spaced not more frequently 
than eveiy other day The course is repeated after six months if deemed necessary 
Continuous chemotheiapy with tryparsamide, bismuth and mapharsen in alternate 
courses is given on completion of the fevei treatment 

Kopp,’^'®'^ on the other hand, believes a combination of fevei and tiyparsamide 
to be most effective His results with malaria thdrapy aie supeiioi to those 
obtained with artificial fevei when both aie followed by piolonged chemotherap} 
Fieeman^’’®® disagrees, and says that malarial therapy combined with chemo- 
theiapy was not as effective as diathermy fever in combination with similai 
chemotherapy In his expeiience, active specific theiapy reduces the death late 
from dementia paralytica regardless of the patients’ age Acute infections, especially 
of the lespiratory tract, are the most frequent cause of death of patients with this 
disease 

Discussing he lesults of examination of the spinal fluid in cases of neuro- 
syphilis. Rose says he has found that in parenchymatous syphilis of the central 
nervous system the spinal fluid returns to normal more slowly than in other types 
Return of the spinal fluid to normal in one year or less is consideied to be evidence 
against the diagnosis of dementia paialytica regardless of the clinical symptoms 
or treatment An early leturii of the total protein content and the cell count to 
normal levels is a fan indication of a satisfactory outcome 

The lelationship between neui opathologic changes and mental distuibances in 
17 cases of dementia paralytica is discussed by Rothschild and Sharp In 13 
of these cases the seventy of the clinical distuibances showed a fairly close cor- 
relation with the neuropathologic abnormalities In 4 cases a lack of correlation 
was observed, and m this group personality factors seemed to play a role It is 
suggested that a favorable outcome in dementia paralytica depends not only on 
effective antisyphihtic therapy but also on the integration of the patient’s personality 
Analyzing the cases of neurosyphilis admitted to the Ontaiio Hospital. London 
Ontario, Canada, during the five year period 1936 to 1940, McCausland and 
Straker found a steady decline in the admission rate of patients with syphilis of 
the cential nervous system Two facts appear from the analysis (1) Few patients 
admitted to a hospital for peisons with mental disease previously had received 
adequate antisyphihtic treatment, and (2) patients who had received treatment 
prior to hospitalization had the best prognosis Of the treated group, those receiv- 
ing both malaiia therapy and tryparsamide had the most favorable outcome 

Syphihs of the Cetebtal Veins — Syphilitic lesions of the cerebral arteries and 
arterioles are not uncommon Little attention has been given, however, to the 
changes m the central nervous system resulting from syphilis of the cerebral veins 
m the absence of appreciable arterial involvement Marsh states that the 
pathologic changes m the cerebral veins aie much the same as those occurring m 
che arteries Primary involvement of the veins in the absence of arterial changes 
IS difficult to establish because impairment of venous circulation alone is rarely 
fatal By the time death ensues there usually is advanced involvement of both 
arteiies and veins The author’s case report concerns a patient with meningo- 
vascular neuiosyphilis whose death was due to thiombosis of the superior cerebral 
veins 
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TabetK Ai tiu apathy —Steindler, Williams and Guri/®^ who have obseived 
134 patients with 214 Chaicot joints, discuss this lesion in detail In only 57 
patients was there outspoken evidence of tabes dorsalis, and no less than 76 
patients had symptoms referable to the joint as the first of which they complained 
Manifestations detected by roentgen examination included osteoscleiosis, fiag- 
mentation, absorption of bone, free body formation, exostoses and new bone 
formation, extra-articular ossification, osteoporosis, pathologic fracture, dislocation, 
disalmement and effusion 

In this series the knee joint was most fiequently involved (50 9 per cent) For 
the treatment of Charcot’s knee, the authois recommend a well fitted long leg brace 
entirely immobilizing the joint, supplied with a tuber seat arrangement to eliminate 
weight bearing The operative tieatment of choice in early stages is fusion rather 
than resection 

Charcot joints most often occur in the knee, ankle, hip and shoulder Moie 
rarely they appear in the articulations of the vertebial column The characteristics 
of the lesion when the vertebral bones are involved are discussed by Amyot, Vasquez 
and Genest^®® This lesion is in itself painless, but it may pioduce pain of the 
radicular type by compression of the spinal nerves through the foimation of 
osteophytes or through destruction of the intei vertebial disk All parts of the 
articulation may be involved m the destructive process The authors believe that 
local vasodilatation with congestive stasis is a factor in the genesis of trophic 
osteoarthropathy 

Orthostatic Hypotension m the Tabetic Foini of Dementia Paralytica — 
Orthostatic hypotension, previously reported in association with tabes dorsalis, 
also occurs m the tabetic form of dementia paralytica, as repoited by Freeman and 
Robertson,^®^ who note that the condition does not prevent admmistiation of 
malarial therapy The diagnostic features of the condition include (1) decrease 
in systolic and diastolic blood pressure, with vertigo, diplopia and occasionally 
syncope when the patient rises to the erect position, (2) generalized or localized 
diminution of perspiration, (3) failure of the pulse late to increase normally after 
exercise or when the erect position is assumed, (4) relative recumbent diuresis, 
as compared with the output of urine when the patient is erect, (5) accentuation 
of symptoms during hot weather, (6) loss of libido and potentia, and (7) often a 
low basal metabolic rate, increased blood urea nitrogen and deci eased excretion of 
phenolsulfonphthalem 

LissauePs Type of Dementia Patalyhca — Dementia paralytica in which focal 
symptoms are a predominant feature and there are ciicumsciibed areas of atrophy 
in one or both cerebral hemispheres has come to be known as Lissauer’s type 
Various theories have been advanced to explain its pathogenesis Some have 
believed the changes within the areas of atiophy were merely regions of increased 
leactivity to invasion by S pallida Others have thought that cerebral endarteritis 
contributes to the picture Altered permeability of the cerebral vessels, “toxic” 
products and changes in the colloidal state of the cerebral tissues have also been 
advanced to explain this unusual type of syphilitic process The studies of Galbraith 
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and Meyer support the view that the process underlying the focal manifestations 
IS essentially inflammatory, a localized intensification of the usual pathologic process 
of dementia paralytica Vascular changes are admitted to occur, but these, they 
think, are secondary to the inflammatory process Histologic studies show that 
the areas of inflammation, which later become atrophic, are most often situated in 
the posteiior parts of the cerebral cortex 

Adie’s Syndiome — Adie’s syndiome, a symptom complex of absence of tendon 
reflexes and tonic pupils, is of importance in that it must be differentiated from 
tabes doi sails Dynes describes the clinical aspects of the syndrome In the 
series of 8 cases, which he leports, symptoms of nervousness, emotional disturbance, 
palpitation, sweating and the associated anxiety and feai states frequently were 
encounteied This confirmed previous obseivations that instability of the autonomic 
nervous system is commonly associated with the tonic pupils and areflexia Blurring 
of vision, occasional ocular pain or photophobia may accompany the pupillary 
abnormality The author stresses the fact that Adie’s syndrome is a benign dis- 
order and lequiies no therapy unless it be psychotherapy, particularly if the patients 
pieviously have been told that they suffer from syphilis 

Adie described the pupillotonic phenomena as being unilateral, with the tonic 
pupil considerably larger than the nontonic pupil About SO per cent of the persons 
affected are females, the majority of them being young The tonic pupil is usually 
oval, with eithei vertical or hoiizontal orientation To the usual methods of 
examining pupils by flashlight the reaction to light, direct and consensual, is 
completely or almost completely absent When the person is in the darkness for 
an hour the pupil dilates, and when he comes into bright light a sluggish contraction 
may be observed, so that the pupil becomes narrower than before it was in the 
darkness The pupil finally contracts to a point where it is smaller than the normal 
pupil The Adie pupil is said to dilate readily with mydriatics and to contiact with 
physostigmme 

Adie believes that the factor responsible for the tonic pupil is of sympathetic 
origin He agrees that the site of the disturbance of the pupils is the sympathetic 
part of the nucleus of the thud nerve Adie and many others do not believe that 
this type of pupil is associated with a syphilitic infection However, there are 
those who have not agreed with this impression 

Lowenstem and Friedman have studied true Adie pupils and Adie-hke 
pupils associated with syphilis They conclude as follows 

1 Pupillotonic reactions may be caused by peripheral lesions of the third nerve both post- 
ganglionic and preganglionic and by lesions in the great vegetative centers of the diencephalon 
and their connections with the mesencephalon 

2 Adie’s syndrome is due to heredodegencrative disease localized in the great autonomic 
centers of the diencephalon and their connections with the mesencephalon It is characterized 
by pupillotonic reactions with irritative (not paralytic, like the Horner-Bernard syndrome) 
sympathetic symptoms and absence of tendon reflexes It generally has no syphilitic etiologic 
factor but as a syndrome may be produced by so-called asymptomatic syphilis nervosa 

3 As the nervous manifestations of congenital syphilis (more frequently than of acquired 
syphilis) are frequently localized in the sympathetic center, there is a possibility that in some 
cases Adie’s syndrome is due to congenital syphilis 

4 The pupillographic picture of Adie’s syndrome is generally unequivocal 

185 Galbraith, A J , and Meyer, A Lissauer’s Dementia Paralytica, J Neurol & 
Psychiat 5 22 (Jan -April) 1942 

186 Dynes, J B Adie’s Syndrome Its Recognition and Importance, JAMA 119 
1495 (Aug 29) 1942 

187 Lowenstem, O, and Friedman, E D Adie’s Syndrome (Pupillotonic Pseudotabes), 
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5 Physostigmine contracts the Adie pupil like the normal pupil , however, it restores the 
ability of the Adie pupil (in twelve to twenty minutes after its local application) to react to 
light and to dilate to distant vision 

6 The physostigmine test in cases of questionable diagnosis enables one to differentiate 
Adie's syndrome from similar syndromes due to acquired syphilitic infection 

7 Neurotoma characterized by a prompt contraction of the pupil to light but a sluggish 
and retarded dilation (sometimes after a latency period of more than five minutes) and by a 
convergence reaction which may be unilaterally or bilaterally diminished or absent appears 
to be an inversion of Adie’s syndrome The relation with Adie’s syndrome is shown by 
the fact that either syndrome may be substituted for the other in the hereditary sequence, 
therefore, the basic processes must be considered identical 

8 The clinical entities of neurotoma and pupillotonic pseudotabes include many minor and 
abortive forms which can be detected by pupillography , they are not rare but are rather 
frequent anomalies and have the value of a focal stigma degenerationis in the nervous system 

Leathart discusses the physical signs of Adie’s syndrome and the anatomy of 
the ocular reflexes concerned The author believes that the physical signs of the 
syndrome can be produced b}^ destruction of the cihaiy ganglion, and he postulates 
defective conduction between pi eganglionic and postganglionic fibers m this struc- 
ture Also postulated is a lesion in the sacral and lumbar segments of the spinal cord 
producing the areflexia in the knee and ankle jerks — a lesion in the intercalated 
fibers connecting the posterior loot fibers with the anterior horn cells, possibly 
resulting in faulty conduction in the synapses there, analogous to the abnormalities 
in the ciliary ganglion with the loss of the light reflex 

The Catatonic Pupil — The so-called catatonic pupil is characterized by 
inequality in size, inconstancy m reaction and sluggishness or complete abolition 
of the light reflex Levine and Schilder have studied this pupillary abnormality 
and believe it is due to paralysis oi inhibition of the parasympathetic nervous system 
They point out that when a peison exerts piessure, as in squeezing some object, 
both the normal and the catatonic pupil become dilated and less rapidly reactive 
to light By this procedure it may be possible to bung out latent pupillary defects 
The Argyll Robertson pupil is not affected by the procedure, nor is the tonic 
pupil of Adie The effect of mydriatic drugs can be enhanced by the procedure 
until the drugs cause complete mydriasis 

Pathways of Pupillary Contraction — Nathan and Turner present evi- 
dence to show that there are two efferent pathways for pupillary conti action 
one serving the light reflex and the other the accommodation-convergence 
synkinesia 

It IS usually believed that pupilloconstrictor fibers leave the nucleus of the third 
nerve and run with the nerve to the inferior oblique muscle, branching off from 
this nerve to relay in the ciliary ganglion Distal to the ganglion they foim several 
short ciliary nerves, which pierce the sclera around the optic nerve and form 
the ciliary plexus, from which fibers to the sphincter muscles of the iris are 
derived 

If this were the only pathway by which constrictor fibers reach the sphinctei, 
complete interruption of this pathway should cause paialysis of the reaction to 
light and in accommodation Cases are described, however, which show that the 
Argyll-Robertson pupil may be caused by damage to the peripheral efferent path- 

188 Leathart, P W The Tonic Pupil Syndrome, Brit J Ophth 26 60 (Feb) 1942 

189 Levine, A, and Schilder, P The Catatonic Pupil, J Nerv & Ment Dis 96 1 
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way to the pupil Some othei pathway must therefoie be available The authois 
believe this second pathwa}' may run from the thud nucleus to the episcleral 
ciliary ganglion and thence lelay to the cthai}' body, without passing through the 
cihaiy ganglion 

Syphilitic Papilledema — In^olvemellt of the optic neives m syphilitic meningitis 
about the optic chiasm has been leported seveial times in the past In these cases 
syphilitic arachnoiditis caused primary ati oph) of the optic nerves Hausman 
reports the occuirence m 2 patients of syphilitic papilledema without increase in 
intracranial pressure When atiophy of the optic nerves ajDpeaied it was secondan 
to the papilledema In 1 of the cases i^apilledema was associated wuth a moderate 
degree of internal hydrocephalus, dilatation of the chiasmal cistern and thickening 
of the arachnoid In the othei the cause was a gummatous meningitis around 
the optic chiasm and nerves In neither case w^as theie any significant inciease 
in the cerebrospinal fluid pressuie 

Fevei Thetapy — The changes piodueed m ceiebial blood sugai, lactic acid and 
pn by elevation of tempeiatuie in 12 patients with dementia paraljtica being 
treated by diathermy have been studied by Loone\' and Borkovic They report 
a slight increase in utilwation of sugar and a significant increase in pn The 
arteriovenous ditterence in lactic acid w^as leversed so that during the febrile 
period lactic acid was pioduced This may explain, in part, the slight inciease in 
the arteriovenous difference in blood sugar The findings confii m previous i epoi ts 
that there is no increase in brain metabolism during diathermy 

The use of oxygen duimg the period of artificial fever therapy has been 
instituted on the basis that the increase m metabolism coincident with the increase 
in body temperature lequiies a gi eater amount of oxygen than can be acquiied bj 
normal respiration Cullen, Weir and Cook find the use of oxygen during fevei 
therapy beneficial Patients leceiving oxygen have less lachycaidia and lequiie 
less sedatives Restlessness, mental confusion and excitement are less fiequent 
and less marked than in those wfiio do not receive oxygen 

Electiic Shock Theiapy — After using noncoin ulsive electiic (faiadic) shock 
therapy for 5 patients wnth dementia paral 3 'tica, Berkwitz leports that acute 
delirious reactions responded favorably Subsequent treatment wuth malaria and 
chemotheiapy resulted in impiovement in the clinical signs and in the abnoimahties 
m the spinal fluid 

Electric shock tieatment of patients with ps}choses associated with dementia 
paralytica has been attempted by Heilbrunn and Feldman Five patients wdiose 
psychotic manifestations had failed to improve fiom fever and chemotherapy were 
chosen Alternating electiic current was employed, the electrodes being applied 
at the temples The initial amount of current usually was 250 to 350 milliamperes 
for three-tenths second at a tension of 60 to 70 volts The "dosage” w^as giadually 

191 Hausman, L S 3 plulitic Papilledema Without Inciease in Intracranial Pressure Its 
Relation to Lesions at the Chiasm, J Mt Sinai Hosp 9 522 (Nov -Dec ) 1942 

192 Looney, J M , and Borkovic, E J The Effect of Diathermy on Brain Metabolism 
Changes Produced on the Sugar, Lactic Acid and />n of the Arteiial and Venous Blood of 
the Brain in Paretic Patients, J Lab & Clin Med 28 983 (May) 1943 

193 Cullen, S C , Weir, E F, and Cook, E The Rationale of Oxygen Therapy During 
Fever Therapj, Arch Phjs Therapy 23 529 (Sept) 1942 

194 Berkwitz, N J Non-Convulsive Electric (Faradic) Shock Therapy of Psjehoses 
Associated with Alcoholism, Drug Intoxication and Syphilis, Am J Psj'chiat 99 364 (Noc ) 
1942 

195 Heilbrunn, G , and Feldman, P Electric Shock Treatment m General Paresis, Am 
J Psychiat 99 702 (March) 1943 



REYNOLDS ET AL —SYPHILIS 


701 


inci eased until a convulsant dose was found The tieatment was given two to 
three times a week The proceduie pioved to be a perilous one Cardiovasculai 
or lespiiatory failure necessitated discontinuance of the tieatment before any 
clinical improvement was noticeable The authors attiibute the severe complica- 
tions to a heightened vulnerability of the ganglion cells of patients with syphilitic 
meningoencephalitis 

Malana Theiapy — Kopp and Solomon call attention to the fact that in 
therapeutic malaria transient disturbances in hepatic function may be noted 
Performing a variety of tests of hepatic function on 9 male patients under treat- 
ment for dementia paralytica with inoculation malaria, these authois found indica- 
tions of decreased hepatic function in reduction in peicentages of total blood 
cholesterol and cholesterol ester, in lowered excietion of hippunc acid and in 
strongly positive reactions to cephalin flocculation tests Less maiked were 
reduction of phospholipid, retention of bromsulphthalem and changes in bilirubin 
Impairment of hepatic function was transient, usually dealing within three to six 
weeks after termination of the malaria 

Of interest in the management of syphilitic patients being treated with 
therapeutic malaria is the observation that jaundice occasionally occurs after 
termination of the malaria and after the administration of the first few injections 
of an arsenical The authors believe that the admimstiation of arsenicals after the 
malaria treatment and before function of the livei has leturned to noimal may over- 
burden the liver and result in jaundice 

Sodium bismuth thioglycollate has been shown to i educe the frequency of 
malarial paroxysms without eliminating them altogethei Young, McLendon and 
Smarr have sought to determine ( 1 ) at what age the parasites are affected by 
the drug and (2) whether species of malaria parasites other than Plasmodium vivax 
can be controlled similarly In 0 1 to 0 2 Gm amounts, this compound was found to 
have an inhibitory effect against P vivax parasites which are half gi own, i e , those 
obtained about sixteen to twenty-eight hours after a paroxysm Parasites older or 
younger were not affected Use of the diug at this time converted paroxysms from 
quotidian to tertian periodicity, and paioxysms conveited to teitian in type usually 
remained so during the remaindei of the infection No significant effect of sodium 
bismuth thioglycollate could be demonstrated against either Plasmodium malariae 
or Plasmodium falciparum 

Intraspinal InjecHon of Tlnaumie Hydrochlonde — Stone has administered 
thiamine hydrochloride intraspmally combined with vitamin E and vitamin B 
complex orally to 63 patients with neurosyphilis, and he recommends this as a 
valuable adjunct in the treatment of neurosyphilis In his experience, patients with 
tabes dorsalis show marked improvement m gait, symptoms involving the bladder, 
visual disturbances and lightning pains In patients with dementia paralytica an 
increased tolerance to fever therapy was noted and fewei houis of fever were needed 
to produce a remission There was, however, no definite effect on the psychoses of 
patients who failed to improve undei previously administered fever theiapy follow- 
ing additional intraspinal and oial vitamin medication 

196 Kopp, I, and Solomon, H C Liver Function in Theiapeutic Malaiia, Am J M Sc 
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Ctste7nal Puncture — Ovei a period of ten years, 6,123 diagnostic cisteinal 
punctuies have been performed at the Dallas Syphilis and Venereal Disease Clinic 
Alexander, Fox and Schoch report that m this senes no fatalities have resulted 
nor any reaction of serious consequence Few of the patients, all of whom were 
ambulatory, had headaches which were severe enough to cause them to complain, 
and no headaches were so severe as to requiie lest in bed The authors believe 
that in competent hands cisternal punctuie is a valuable procedure, which should be 
moie widely used They do not consider the piocedure too dangerous for routine 
use 

Post-Lumbm -Puncture Headache — Favoiable results from the treatment of 
post-lumbar-puncture headache with ergotamine taitrate are icported by Gutt- 
man^'*® Thirty-five patients on whom lumbar puncture had been pei formed and 
spinal anesthesia induced were treated for post-puncture headache with this drug 
(0 25 to 0 50 mg, given either intravenously oi intramusculaily) When given 
according to the tolerance of the patient, ergotamine tartrate was found to be of 
value in relieving headache in 80 to 90 per cent of the pei sons treated 

CONGENITAL SYPHILIS 

Dental Chariges — A comprehensive leview of the dental changes in congenital 
syphilis IS pi esented by Sai nat and Shaw A group of 73 patients with con- 

genital syphilis was studied, and 22 (30 per cent) were found to have characteristic 
dental changes 

The effects of the disease are diflerent in the gi owing deciduous and permanent 
teeth The deciduous teeth, active in the formation of enamel, show developmental 
disturbances in that structuie, the permanent teeth, active in moiphodifferentiation, 
show disturbances at the dentoenamel junction, with a resulting chaiacteristic 
dwarfing of the crown The pathognomonic convergence of the lateral surfaces 
of the permanent upper cential incisors should not be confused with hypoplasia of 
the enamel, which occurs at a later time and which may be caused by i ickets, hypo- 
parathyroidism or fluorosis 

The teeth which are affected and ma}^ be of diagnostic value in congenital 
syphilis are the permanent upper central incisors, lowei central and lateral incisors 
and first molars Both the incisors and the fiist molais were found to have a 
convergence of the lateral sui faces In addition to deci eased occlusal surface of 
the permanent first molars, the cusps frequently are crowded together, and canes 
not uncommonly is superimposed Dental dystrophy occurs eaily and is peimanent 

A comparison of the ground sections of Hutchinson teeth and of normal incisors 
revealed differences in the size and foim of the dentoenamel junctions but no 
significant structural differences in the enamel and dentin Roentgenographic 
examination revealed the characteristic convergence of the sides of incisors and 
molars, and this abnormality was demonstrable prioi to eiuption of the teeth 

Saddle Nose Deformity — A not infrequent facial deformity resulting from 
syphilitic infection, either congenital or acquired, is the saddle nose Persons 
afflicted with this unsightly deformity benefit both physically and mentally from 
operative correction Fleming discusses the operative technic for the correction 
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of the saddle nose deformity, stiessing adequate preoperative preparation, meticulous 
aseptic technic and the fact that seveial piocedures may be necessary before a 
satisfactory lesult is attained To fill in the bony defect the author recommends 
implantation of a small piece of ivory, iib caitilage or tibial graft Of these, ivory 
offeis the best cosmetic result, since it can be readily shaped and may be sterilized 
before use 

Efj-sct of Bismuth on Giowth of Bone — Administration of bismuth m amounts 
such as are used m the treatment of patients with syphilis causes abnormalities at 
the site of piovisional ossification of growing long bones These abnormalities 
appear to consist chiefly of the peisistence of matrix substance at the metaphysial 
line beyond the time when normally it would be removed These metaphysial 
changes occur only when bone is still in the process of giowth 

Because these bony abnoimahties occur at the area of growth of the long 
bones and because linear growth of the body is dependent on osseous growth, 
Russm, Stadler and Jeans have studied the effect of long-continued antisyphilitic 
therapy on the statuie of children They mteipiet their data as showing that anti- 
syphihtic tieatment has no adverse effect on ultimate bone or body length Of 
the 10 childien included m the study, the majority giew at average rates Five 
exceeded the predicted height by 2 inches (5 cm ) or more, and three had heights 
2 or more inches less than predicted For the entire group the aveiage difference 
between actual and predicted height was zero 

Cai diovascular Involvement — In a lengthy and detailed review of the literature 
pel taming to cardiovasculai involvement in congenital syphilis, Hinnchsen 
concludes 

Reports in the literature show that congenital syphilis pioduces definite myocaidial lesions 
of two types, namely, interstitial and nodular myocarditis, in which spirochetes can be demon- 
strated No evidence can be found that congenital syphilis produces valvular heart lesions 
The role of this disease in the production of aoititis and aneurysm and in the production of 
congenital malformations of the heart has not been determined definitely Further study is 
lequiied Syphilitic arteritis, particularly cerebral arteritis, may be produced by congenital 
syphilis It IS possible that congenital syphilis is a factor in the production of arteriosclerosis 
and of Raynaud’s disease Congenital syphilis is one of the causes of hemorrhagic disease in 
the newborn infant 

Resemblance to Erythroblastosis — Having studied 53 infants with erythro- 
blastosis, Henderson discusses the differentiation between this condition and 
congenital syphilis The two diseases have several features m common frequent 
occurrence of piemature biith, erythropoietic response to toxic hemolysis, cirrhosis 
of the liver and placental abnormalities It is pointed out that serologic tests for 
syphilis, the demonstration of S pallida or the occurrence of osteochondritis may 
assist in the differentiation The tendency is for congenital syphilis to become 
progressively less severe in succeeding pregnancies, whereas m erythroblastosis 
the trend is in the opposite direction 

Treatment with Acetatsone — In the past decade, much has been written about 
the treatment of congenital syphilis with acetarsone Preliminary reports were 
favorable, even enthusiastic, but more recently the effectiveness of this oral 
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spn ocheticide has been questioned Arena"”® leviews the advantages of acetarsone 
as well as the objections that have been laised to its use In his own expeiience, 
the oral use of acetarsone is both advantageous and effectual This route of 
administi ation should be used foi infants undei 1 yeai of age, since mothers will 
cairy out the treatment Older infants should be given aisenicals parenterally, 
since the injections can be given without undue difficulty and the results aie 
bettei 

In monogiaphic form, published as a supplement to Veneieal Disease Injoima- 
non, Hmrichsen reviews the liteiature pertaining to the use of acetaisone in 
the treatment of congenital syphilis The experimental studies of the drug in 
animals, its toxic effects in adults, and its therapeutic effect in adult syphilis are 
consideied in detail because of the direct lelationship they beai to the pioblem of 
treatment of congenital syphilis Most observeis are agreed that the antisyphilitic 
action of acetarsone is considerablj^ infciior to that of arsphenamine Some have 
found its action to be about the same as that of bismuth, while others considei 
Its action inferior to that of bismuth Ihe only apparent leason foi the use of 
acetaisone m the treatment of congenital syphilis is the fact that it can be given 
by mouth This advantage is offset, howevei, by the fact that the physician can 
never be sure that the treatment presciibed actually has been given 

The results of experimental studies of acetarsone m animals show marked 
variations in toxicity as determined by different investigators and also among 
the animals of any single investigatoi The same variable and unpredictable 
results were obtained m the piophylactic and curative treatment of animals infected 
experimentally That acetarsone is a highly toxic drug is apparent from the 
number and seventy of the toxic leactions which have been reported to occur both 
in adults and in children Analysis of the therapeutic icsults with the drug is 
difficult because of the many extraneous factors 

The authoi believes that all the evidence on hand supports the contention that 
acetarsone is far from being the “ideal” diug for the lieatment of infantile con- 
genital sjfphihs and that it is of very limited usefulness m s) philothei apy 

Tieatment with Maphaisen — Astrachan and Cornell"”® find maphaisen an 
effective drug for the tieatment of both early and late congenital syphilis In then 
opinion, the dosage of maphaisen should not exceed 0 75 mg per kilogram of 
weight 

Of 68 patients ivith congenital sj'phihs, 57 weic in the late stages of the disease 
and 11 in the early stages These patients leceived a total of 1,50/ injections of 
mapharsen, 495 of these being administered intramusculaily Few untoward 
reactions weie noted, and the authors believe the drug is even less toxic to 
children than to adults 

As to the feasibility of intramusculai administration of mapharsen, it is stressed 
that, while some patients complained of seveie and peisistent pain at the site of 
injection, the majority of the injections weie followed by slight oi moderate pain 
only, that no areas of necrosis developed and that serious systemic complications 
did not appear as a lesult of this method of administration In selected cases, the 
intramusculai loute may be used, but it should be employed cautiously, with 
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giadually inci easing doses, and only in those cases in which all attempts at intra- 
venous theiapy have failed 

Coiigemtal Syphihs as a Cause of Infant MoHaUty—h comparative moitality 
study in 859 cases of piemature birth at the Chanty Hospital of Louisiana for a 
period of the yeais 1937 to 1940 inclusive is given by Flax, Levert and Strong 
The moitality late among piemature infants in 1937 was 85 3 i^ei cent, and in 1940, 
42 2 pei cent There was a gradual yearly decrease in the mortality late, which 
could be accounted foi piimarily on the better care of premature infants 

Theie weie 498 deaths of piematuie infants in the entire group The mam 
causes of death weie as follows atelectasis, 24 22 per cent, prematuiity, 22 08 
pel cent, bronchopneumonia, 15 07 pei cent, diarrhea, 12 44 per cent, cianial 
injury, 1105 pei cent, syphilis, 4 61 per cent, and all other causes, 1044 pel cent 
In some instances it was impossible to aiiive at any diagnosis other than pre- 
matui ity 

Third Geneiation Syphilis — The question of the tiansmission of syphilis to the 
cliildien of those who themselves have acquiied the disease in utero (third geneia- 
tion syphilis) is still debatable Beeiman, Wammock and Magnuson have 
analyzed the cases of third generation syphilis published since 1933, noting that in 
no instance has a leally indubitable example been lecorded They discuss m detail 
a patient whose clinical course and whose parents’ and grandparents’ infections wei e 

studied caiefully The patient, in all piobability, had thud geneiation syphilis 

% 

SYPHILIS AND OTHER DISEASES 

Syphilis and Cancer — A study has been made by Levin and his co-woikers 
to determine the relationship between syphilis and cancel b}' detei mining the 
prevalence of reported syphilis among patients with cancel repoited to the New 
York State Health Department The data appeal to confiim the pieviously 
reported high pievalence of syphilis among males with cancel of the tongue and 
among white females with cancer of the cervix 

Evidence foi the diagnosis of syphilis consisted of (a) physical manifestations 
of tertiaiy syphilis in 26 cases, (b) at least two positive serologic reactions and a 
history of infection or treatment in 39 cases, (c) a single positive serologic reaction 
and a histoiy of infection or treatment in 12 cases, (d) at least two positive serologic 
reactions in 42 cases, and (e) a single positive seiologic leaction alone in 58 cases 

Among males with cancer of the tongue, the prevalence of syphilis was 
approximately five times as great as among males with cancer of all other sites 
Among females with cancel of the cei vix, the coi responding ratio was 3 5 to 1 
The factors of age, sex, color and marital status failed to account foi the excess 
prevalence of syphilis in these two gioups 

Recent infoimation concerning biologic false positive seiologic leactions sug- 
gests, howevei, that the supposed association of syphilis with cancer of the tongue 
or cervix may be more apparent than real, perhaps due to the fusospiiochetosis often 
associated with cancer 111 these areas 
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Syphilis and Lymphogi annloma Veneienm — Mixed infections with syphilis and 
lymphogranuloma venereum have been studied in detail by May, whose most 
recent publication throws new light on the association of these two diseases 
May believes that when syphilis is accompanied by lymphogranuloma veneium 
certain characteristic changes in the early lesions of the former disease become 
manifest These changes include clinically detectable lymphangitis, earlier and 
more extensive local edema and regional lymphadenopathy, changes in the color 
and shape of the primaiy chancre, increased local pain and, in general, a more 
extensive local disease There is some evidence that the secondar} lesions of 
syphilis may be more diffuse and malignant, and possibly more resistant to treat- 
ment As yet there is no leason to believe that the mixed infection results in more 
frequent or more precocious involvement of the central nervous system or of the 
cardiovascular apparatus 

Grace, Shaffer and Rake have found that sei urns from patients with con- 
genital syphilis who have negative Frei reactions do not fix complement in the 
presence of antigen from lymphogranuloma venereum virus Since this contiasts 
with the frequent occurrence of positive reactions obtained with seiums from 
patients with venereally acquired syphilis, the authors are further confirmed in 
their belief that during exposure to venereal infection resulting in syphilis a 
concomitant and often latent infection with lymphogranuloma venereum frequentl}- 
occurs 

Penile Amebiasis — Of interest in the differential diagnosis of genital lesions in 
general and of primary syphilis in particular is the report by Hermann and 
Berman of a penile ulcer supposedly due to Endamoeba histolytica Their 
patient was known to have had amebic dysentery, and amebas were found in the 
stool The exudate fiom the penile ulceration also contained encysted forms of 
E histolytica, and the lesion healed after the local use of carbarsone Serologic 
reactions for syphilis became positive as the lesion developed, but no therapeutic 
response to antisyphihtic treatment had been noted, and lepeated daik field exami- 
nations of the ulcer gave negative results It seems somewhat incongruous that 
the encysted form of the parasite are leported, as one might expect trophozoites if 
the active ulceration were due to amebiasis The possibility of a biologic false 
positive reaction for syphilis apparently was not consideied 

212 May, J Nueva contnbucion al conocimianto de la asociacion sifilo-poradenico, Rev 
argent de dermatosif 26 513, 1942 

213 Grace, A W , Shaffer, M F , and Rake, G Further Evidence Concerning the 
Specificity of the Lymphogranuloma Venereum Complement-Fixation Test in Sjphilis, Am 
J Syph , Conor & Ven Dis 27 44 (Jan ) 1943 

214 Hermann, H B , and Berman, L S Penile Ulcer Caused by Endameba Histolytica, 

J A M A 120 827 (Nov 14) 1942 
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Diagnosis o£ Uterine Cancer by the Vaginal Smear By George N Papanicolaou, MD , 
and Herbert F Traut, M D Price $5 00 Pp 47, with 11 color plates New York 
Commonwealth Fund, 1943 

The purpose of this book is directed toward the establishment of an early diagnosis of 
uterine cancer Every one appreciates the fact that further improvement in the methods of 
treatment of uterine cancer is dependent on the establishment of an earlier diagnosis 

The procedure recommended is of value, as demonstrated by the descriptions and records 
It IS to be used, as the authors state, as an accessory procedure in conjunction with biopsy, 
curettage and other methods If it is employed in this manner, it is apparent that a diagnosis 
can be made earlier than has been customary 

The principal difficulty with the vaginal smear procedure is that there are relatively few 
workers who have had sufficient experience to interpret accurately the findings The authors 
were reticent in making final interpretation of their observations until they had acquired a 
vast experience In a real effort to transmit their experience to others, they have used the 
only practical method, namely, presentation of many excellent colored drawings and photo- 
micrographs 

The detailed descriptions, the straightforward presentation of the findings and interpreta- 
tions and the great number of good drawings and photomicrographs make this book of great 
value to both research workers and clinicians who aie interested in vaginal smear studies 
and the early diagnosis of uterine cancer 

Reaction to Injury By Wiley D Forbus Price, $9 00 Pp 797, with 532 figures 
Baltimore Williams & Wilkins Company, 1943 

It is no mean task to produce an entirely new textbook of pathology, and the author is to 
be congratulated on his achievement The present handsome volume, well printed and pro- 
fusely illustrated with excellent reproductions of gross and microscopic lesions, constitutes 
according to the publisher’s notice only one half of Dr Forbus’ task Another section is to 
appear later, this first instalment deals “with the nature and causation of disease and with 
the resistive reaction the inflammatory process and all the diseases that arise therefrom” 
Matters such as tumors will doubtless be dealt with in the subsequent volume The author 
approaches his subject from a dynamic standpoint (witness the title), but in the end one 
looks for good discussions of morphology and histology, and these are very well done Space 
might well have been saved by shortening or omitting most of the clinical discussions, which 
are a duplication of what is found in any textbook of medicine 

Addendum to the Chemistry of the Ammo Acids and Proteins Edited by Carl L A 
Schmidt Price, $5 00 Pp 255 Springfield, 111 Charles C Thomas, Publisher, 1943 

Instead of a levision of the “Chemistry of the Amino Acids and Proteins,” this addendum 
was published It brings up to date some of the salient advances made in the field of protein 
chemistry since 1937, when the original book was written 

Practically every chapter has been revised and corrections made on the original text 
At the end of each chapter there is a complete bibliography of the publications from which 
the data were drawn The authors have adhered to their previous level of clear presentation 
of their respective problems The addendum is certainly to be recommended to all who are 
interested in the advances in protein chemistiy for the past four years It is really a small 
book in Itself, written by investigators active in the field The authors should be encouraged 
to keep the book up to date, perhaps preferably by making a complete revision of the original 
book in the future, if possible 

Clinical Parasitology By Charles Franklin Craig and Ernest Carrol Faust Third Edition 
Price, $9 Pp 750, with 284 engravings and 4 colored plates Philadelphia Lea and 
Febiger, 1943 

This handsomely gotten up book of 750 pages is too long to review in detail However, 
the names of Craig and Faust would seem to promise a happy combination of expert 
knowledge on the subject of clinical parasitology The book is comprehensive, well written 
and excellently illustrated There is a thorough bibliography The section on arthropods and 
human disease seems specially valuable, as this part of the subject is slighted in many 
textbooks 
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An Introduction to Medical Mycology By Gcoige M Lewis and Mary E Hopper 
Second Edition Price, $6 50 Pp 342 Chicago The Year Book Publishers, Inc 

It IS pertinent that a simplified, yet complete, manual on human mycology be available at 
this time, as there is a marked increase in the incidence of mycotic disease among the 
members of the armed forces Dermatophytosis and other mycotic diseases among these men 
often produce considerable disability and loss of valuable tune 

The first edition of this book ivas printed four years ago and has become well accepted 
as a guide to elementary human mycology The second edition has been enlarged and 
rewritten in part There are many added colored and halftone illustrations The chapters on 
the passive transfer test and the data on the trichophytin, oidiomycin, coccidioidin, blastomycin 
and sporothricm tests, as well as the information on histoplasmosis, haie been brought up to 
date The authors have simplified the classification of fungous diseases so that the way is 
cleared for ready diagnosis by those who have only a practical interest in human mycology 
They have gathered and simplified the available practical methods of diagnosis and thera- 
peutics on human m 3 'cology and have evaluated these procedures in the light of their own 
extensive experience 

The book is divided into tw'o parts Ihe first deals with the clinical, theoretic and experi- 
mental aspects of mycology, and the second deals with laboratorj methods useful for the 
diagnosis of fungous diseases The latter section presents detailed and precise methods for 
identifying fungi The exact formulas for the simpler tjpes of culture mediums are given 
Directions for the construction, pui chase and diagnostic use of filtered ultraviolet raj^s are 
presented All procedures advised are simple and practical for office use At the end of each 
chapter there is a short bibliography which is sufficicntlj inclusive to give ready access to the 
available literature on those subjects discussed None of the discussions arc long or involved 
or inclusive enough to permit a detailed or complete consideration of any one subject For 
complete information the reader must resort to the bibliography The book is to be recom- 
mended as a good elementary manual of practical human mj’cology 

Rehabilitation o£ the War Injured Edited bj' William Brown Dohert> and Dagobert 
D Runes Price, §10 Pp 684, with 240 figures New York The Philosophical 

Library, 1943 

This symposium includes over fifty articles on various aspects of rehabilitation The 
main subject headings concern neurology and psj'chiatrj", reconstructive and plastic surgery, 
orthopedics, physical therapy, occupational therapy and vocational guidance, and legal aspects 
of rehabilitation Such names as Denny-Brown, Stanley Cobb, Vilray Blair, Frank Krusen 
and William Lennox among the authors give an idea of the authoritative character of the 
work, although most of the articles are fairly brief and general The volume is well printed 
but rather poorly illustrated An index would be useful 

The Common Form of Niacin Amide Deficiency Disease Aniacinamidosis Bj 
William Kaufman Price, not giv^en Pp 62 Bridgeport, Conn Yale University Press, 
1943 

This little volume, privately printed, expresses the views of the autlior on nicotine aad 
deficiency, a condition which he refers to as “aniacinamidosis ” An elaborate syndrome is 
described The author himself states that “lacking adequate laboratory facilities I can submit 
no rigorous clinical or laboratory proof” that the conditions described are entirefy due to 
macin deficiencj’- 
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RECURRENT LYMPHOCYTIC CHORIOMENINGITIS 

REPORT OF A CASE IN WHICH TREATMENT WAS WITH 
POOLED NORMAL ADULT SERUM 


JEROME V TREUSCH, MD 
ALBERT MILZER, PhD 

AND 

SIDNEY 0 LEVINSON, MD 

CHICAGO 


The following case is leported because it included man}' unusual clinical mani- 
festations and is the fiist case of lymphocytic choiiomenmgitis to our knowledge in 
which an attempt was made to tieat the disease with pooled noimal adult seiiim 


REPORT OF CASE 

B D, a 22 year old student nurse, was admitted to Michael Reese Hospital on May 4, 
1941 Her past history contained nothing of medical significance except for a “sleeping 
episode" five years previously, while she was living m El Cajon, San Diego County, Calif 
The only additional information obtainable was that the patient had an “unpleasant disposition” 
at that time, from which she recovered 

The patient had been perfectly well until 10 p m on May 4, 1941, when, after taking a 
long walk and returning to her room, she felt faint, with palpitation and tachycaidia She 
became apprehensive and then fainted 

Immediate examination revealed the patient to be in apparent deep coma, completely flaccid 
and unresponsive to stimuli Her respirations were rapid and shallow The pulse was rapid, 
with a rate of 110 to 130 per minute, and the blood pressure was 130 systolic and 80 diastolic' 
General physical examination gave essentially negative results The deep reflexes weie all 
present, equal and hyperactive, and tliere were no pathologic reflexes During the succeeding 
several hours the patient was roused from her stupor for periods of a few moments, but 
she appeared dazed and only at times seemed lucid She could be awakened by a very loud 
or ^ after which her attention could be sustained by conversation 

The following morning the patient could be aroused and had less difficulty remaining 
awake She appeared rational m her responses but was not alert On the evening of May 6 
the patient again became deeply stuporous and could not be aroused during the night The 
ollowing morning she could again be aroused, although she remained apathetic and indiffeient 
On the morning of May 7, while she was being examined, weakness suddenly develoued m 
the right lower two thirds of the face, the right arm and the right leg There was no 
spontaneous movement on the right side The reflexes of the right arm were diminished the 
abdominal reflexes were absent on the right side, and there were positive Babmski Gordon 
and Oppenheim signs on the right The Beevor sign was positive to the left The Hoover 
sign was typical of organic weakness of the right leg There was complete hemianesthesia 
to touch, pain, temperature, pressure and position of tlie right side of the face and the bodv 

with a midline demarcation In attempting to walk the patient 
fell to the right There was definite ataxia on the right side Examination of the cranial 
nerves disclosed a loss of conjugate deviation of the eyes to the right, right homonymous 
hemianopsia normal pupillary responses to light but sluggish responses in accommodation 
paresis of th e right side of the face of the central type, complete middle ear deafness on the 

From the Samuel Deutsch Serum Center, Michael Reese Hospital 

This case is reported with the permission of Dr H F Bmswanger and Dr T Reich 
MSd\SsrHosp!teI consultant, respectively, of the hospital nurses’ service ot 
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right side (piesent since a mastoidectomy on that side six years before), protrusion of the 
tongue to the left, deviation of the jaw to the left and anesthesia of the right side of the face 
A lumbar puncture performed at this time yielded fluid essentially normal (table 1) Other 
laboratory findings are summarized m table 2 Roentgenograms of the chest and the head 
were essentially normal 

The following day, slight rigidity of the neck and the back developed, with pain in the 
neck and down the back on attempted flexion of the neck The Kernig sign was positive 
bilaterally 

In the subsequent forty-eight hours, tlie weakness and neurologic symptoms progressed 
Extreme apathy continued On the morning of May 11, the patient became stuporous and 


Table 1 — Findings in the Ceicbiosptnal Fluid 


Date 

5/7/fi 

6/11/11 

610111 

Boss Jones test 

^cgat^^e 

Nognti\e 

Negative 

Total cells per cubic millimeter 

1 

2 

1 

Lymphocytes, per cent 

100 

100 

100 

Lange colloidal gold curve 

1111100000 

0000000000 

1111000000 

Sugar, mg per 100 cc 

CO 


CO 

Chlorides, mg per 100 cc 

712 


703 

Protein, mg per 100 cc 

JO 


32 

Culture and smear 

NegatUe 

Negatue 

Negative 

Wassermann and Kahn test' 

J<cgntl\c 

Negnti\e 

Negative 

Pressure, cm of fluid 

12 

0 

12 

Response to compression of lugular vein 

Normal 

Normal 

Normal 


1 ABLE 

2 — Siiminaiy of Laboraloiv Data 




Date 

6/7/41 

6/9/41 

5/11/41 

5/12/41 

5/14/41 

C/D/41 

C/13/41 

Blood chemistry 

Normal 

Normal 

— 

— 



Normal 

Red cell count 

Normal 

— 

Normal 

Normal 

Normal 

Normal 



White cell count, per cubic millimeter 

10,330 

— 

8 000 

28,200 

10,700 

6,900 


Differential white cell count, per cent 

Neutrophils 

03 


70 

02 

73 

69 

— 

Lymphocytes 

27 


25 

4 

22 

28 


Eosinophils 

0 

— 

0 

0 

O 

C 


Monocytes 

6 

— 

6 

4 

3 

5 

_ 

Basophils 

0 

_ 

0 

0 

0 

2 

— 

Blood cultures 

No growth 

_ 

No growth 

— 

— 

— 

No growth 

Sedimentation rate 

Agglutmation tests 


— 

— 

— 

— 

— 

28 mm per 
hour 

Typhoid 

— 

— 








Negative 

Paratyphoid A and B 



— 








Negative 

Brucella abortus 












Negative 

Brucella melitensis 












Negative 

Heterophil 

— 

— 

— 

_ 

— 

— 

1/32 

Wassermann and Kahn reactions of 

blood 

Negative 

— 

— 

— 

— 

— 

negative 

Urinalysis 

Normal 

Normal 

Normal 

Normal 

Normal 

Normal 

Normal 

Examination of stool 

Normal 

— 

— 

— 

— 

— 

Normal 


unresponsive The respirations were slow and shallow In addition to the complete hemi- 
anesthesia and hemiplegia, tlie left extremities were flaccid No deep reflexes could be 
elicited in the left arm, but they were present in the left leg The patient was awakened by 
firm supraorbital pressure and gave monosyllable responses to questions There were a definite 
weakness of the left arm and left leg, pronounced stiffness of the neck and a strongly positive 
Kernig sign bilaterally, a complete external ophthalmoplegia, absence of pupillary reaction 
in accommodation, though the response to light was normal, and a gross defect in the left 
field of vision as well as in the right 

During the day the patient became more stuporous and totally blind, and the respirations 
dropped to 9 per minute The patient’s condition appeared critical, and she was given 2,000 cc 
of a 10 per cent solution of dextrose in distilled water during the afternoon At 9 p m on 
May 11, she was given 500 cc of pooled normal adult human serum intravenously in the 
course of three hours One-half hour after the serum had been injected, the patient had a 
chill, during which time her right side moved with the chill At the same time she became 
lucid, in marked contrast to her condition previously Her temperature rose to 102 2 F after 
the chill and dropped promptly the following morning 
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The following morning, the patient was dear mentally Sensation was noi mal throughout , 
there was improved strength in the right arm and leg, and the abdominal reflexes had 
returned on the right side There was a normal plantar lesponse on the right The external 
ophthalmoplegia had almost disappeared, and accommodation responses were almost normal The 
paralysis of the right side of the face was definitely less, and there was midline protrusion 
of the tongue Meningeal signs were less pronounced An additional 500 cc of serum was 
administered No pyrogenic reaction followed this administration Rapid improvement con- 
tinued, and the following morning, thirty-two hours aftei the first injection of serum, recovery 
appeared almost complete 

The patient continued to convalesce for the next ten days There was only a low giade 
lever, the temperature rising to 99 6 F , from May 17 to 21 Her recovery was not complete, 
howe’vei, because there were a residual slight weakness of the right extremities, noticeable 
dragging of the right leg and a positne Romberg sign The patient did not have normal 
‘associated movement” of the right arm on walking, and she became fatigued easily 

For the next ten days the condition leniamed unchanged The patient had severe head- 
aches during the lattei part of the period and was reluctant to be up and about 

On the morning of June 8, she again was found in a deep sleep Although she could be 
easily aroused and was coherent and oiiented, she had difficulty in remaining awake All 
findings at this time were noimal At 1 15 p m hei respiratoiy rate dropped to 4 pei 
minute, with slight cyanosis The stupor was deep, and she rapidly acquired paresis of the 
right side of the face, deviation of the tongue to the right on piotrusion and diminished abdom- 
inal reflexes on the right She was in a deep stupor and could be aroused at times only b> 
film supraorbital pressure She was given 2,000 cc of a 5 pei cent solution of dextrose 
in saline solution that afternoon At midnight her coma was deep Respirations were at a 
I ate of 5 per minute, with occasional deep sighs The extremities were limp, without lesponse 
to pinprick The ocular fundi were normal 

The following morning, the patient awoke spontaneously At this time the neurologic 
findings were not as marked as previously The patient w^avered between stupor and serni- 
stupor the rest of the day That evening, with the respiratory rate down to 4 per minute, 
500 cc of pooled normal adult serum was admimsteied After the administration, the patient 
again awoke spontaneously, stating that she felt bettei, although she had a severe headache 
This time she appeared alert and lucid, with spontaneous responses and normal leactions 
The neurologic examination at this time levealed no abnormality One hour later the patient 
had a chill, follow^ed by a slight use of temperature in about two hours, the temperature 
returned to normal the followung morning It is significant that there was subjective and 
objective recovery preceding the elevation of temperature 

The patient’s convalescence in the next two and a half weeks was completely uneventful 
except for a herpes simplex on the upper lip wdiich developed on June 12 At the time of 
her dischaige she was bright and happy, her emotional and personality responses weie 
normal, and lecovery appeared to be complete The patient w^as m good health when last 
seen, one and a half years after hei illness 

' VIRUS STUDIES 

Evidence that our stock guinea pigs and albino Swiss mice were free from latent chorio- 
meningitis infection has been presented by one of us (A M ) in the earlier publications i As 
previously, lectal theimometeis used in taking temperatures of guinea pigs were routinely 
disinfected in solution of formaldehyde U S P diluted 1 to 10, to prevent possible intrarecta! 
transmission 

Cei ebrospinal fluid collected from the patient on May 8, 1941 (four days aftei the onset of 
symptoms) w^as inoculated subcutaneously (15 cc) into 2 normal guinea pigs and intra- 
cerebrally (0 03 cc ) into 6 albino Swnss mice One cubic centimeter of the fluid which was 
seeded into \arious aeiobic and anaerobic culture mediums and incubated at 37 C showed 
no bactenologic growth in fourteen days The first guinea pig had fever (temperature 
104 7 F ) on the eighth day after inoculation and w’as killed on the thirteenth day, when 
moribund The second guinea pig’s temperature lose to 104 2 F on the tenth day, 'and it 
was found dead on the sixteenth day At necropsy the biains of both animals were grossly 
congested, and areas of interstitial bronchopneumonia were seen in stained sections of the 
lungs No bacteria were isolated from the brain tissues or heart blood of either guinea pig 

1 (c) Milzer, A Studies on the Transmission of Lymphocytic Choriomeningitis Vnus 
by Artbiopods, J Infect Dis 70 152-172 (March-April) 1942 (b) Milzer, A, and Levinson, 

S O Laboratory Infection wuth the Virus of Lymphocytic Choriomeningitis A Two 
Year Studj of Antibody Response, JAMA 120 27-30 (Sept 5) 1942 
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All of the 6 inoculated mice had rough coats, ticmois and tonic convulsions typical of 
lymphocytic choriomeningitis 2 m seven to nine days after inoculation Two mice died on the 
eighth day, while the rest recoveied and were subsequently immune to challenge intracerebral 
inoculation of 1,000 minimal lethal doses of the J P strain 2 of choriomeningitis virus 
Virus recovered from each guinea pig was subsequently identified as that of Ijmphocytic 
choriomeningitis by means of a neutralization test with human choriomeningitis convalescent 
serum The technic of the neutralization test used has been described in an earlier paper 
Positive controls consisting of Icnown virus plus immune serum and negative contiols consisting 
of virus plus normal serum were included in all neutralization tests 

The second specimen of cerebrospinal fluid collected from the patient during the recru- 
descence on June 8 (thirty-foui days after the initial attack) was inoculated subcutancouslj 
(1 cc ) into 2 guinea pigs and intracerebrally (0 03 cc ) into 4 albino Swiss mice No bacteria 
were isolated from the spinal fluid One guinea pig had pyrexia (temperature, 104 6 F) 
on the tenth day following inoculation and was killed five da>s later, when moribund The 
second guinea pig had a temperatuie of 105 F on the eleventh day and was killed, when 
moribund, on the sixteenth day Pathologic changes in the brain and lungs of both animals 
were t>pical of lymphocytic choriomeningitis ^ The animals’ brain tissues and heart blood were 
bacterially sterile, and virus recovered from each guinea pig was positively identified by 
neutralization tests The inoculated mice had rough coats and tremors seven to ten dajs 
after inoculation but recovered and subsequently resisted intracerebral inoculation of 1,000 
minimal lethal doses of the J P strain of choriomeningitis virus 

After being maintained by subcutaneous inoculation in guinea pigs for ten passages, the new 
strains were titrated for infectivitv It was found that the first strain isolated (D-1) would 
consistently kill guinea pigs when 0 5 cc of a 10 ‘ dilution in buffered solution of sodium 
chloride was inoculated subcutaneouslv On the other hand, the second strain isolated (D-2) 
seemed to be more pathogenic, because it killed in 10 2 dilutions 

Further studies showed that there was complete cross immunity between the newly isolated 
strains from the patient and the J P, A M and W E (Rivers) strains, proved bv 
resistance to 1,000 minimal lethal doses of virus given intiacerebrally in albino Swiss mice 
which had been infected and had recovered Histologic examination of stained sections ol 
the brains of guinea pigs and white mice that succumbed to the new strains revealed round 
cell infiltration of the meninges and choroid plexus identical with that produced bv the W E 
(Rivers) 2 and J P strains of virus* Filtration experiments have shown that the new 
strains suspended in nutrient broth of pn 7 2 (5 per cent brain tissue suspension) readilv pass 
through Berkefeld N and W candles at a negative pressure of 35 cm of mcrcurv 

IMMUNOLOGIC STUDIES ON THE PATIENT’s BLOOD SERUM 

Serum collected from the patient on August 5 (eighty-seven days after the onset of 
symptoms) failed to neutralize the newly isolated and J P strains of virus The complement- 
fixing antibody titer was 1/40 (serum dilution), with a saline extract of pooled infected guinea 
pig spleens used as the antigen* Known positive and negative controls were included in 
complement fixation as well as neutralization tests 

Five months (October 8) after the onset of the disease the patient’s serum showed slight 
protection against the isolated and J P strains The complement-fixing antibody titer was 
1/80 In other tests the serum failed to neutralize the B A I strain of the western tj^pe ot 
equine encephalomyelitis virus,® but showed strong neutralization of the D 219 strain of St 
Louis encephalitis virus " Flowitt’s technic ® was followed in the protection tests with the 
equine encephalomyelitis and St Louis encephalitis vuruses 

2 Rivers, T AI , and Scott, T F McN Meningitis m Man Caused bj’’ a Filterable 
Virus II Identification of the Etiologic Agent, J Exper Med 63 415-432 (March) 1936 

3 Leichenger, H , Milzei , A , and Lack, H Recurrent L> mphocytic Choriomeningitis 
Treated with Sulfanilamide Isolation of Virus, JAMA 115 436-440 (Aug 10) 1940 

4 Findlay, G M , and Stern, R O Pathological Changes Due to Infection with the 
Virus of Lymphocytic Choriomeningitis, J Path & Bact 43 327-338, 1936 Rivers and 
Scott 2 

5 Smadel, J E , Baird, R D , and Wall, M J Complement-Fixation in Infections 
with the Virus of Lymphocytic Choriomeningitis, Proc Soc Exper Biol & Med 40 71-73 
(Jan ) 1939 Smadel, J E , Wall, M J , and Baird, R D A Soluble Antigen of Lympho- 
cytic Choriomeningitis II Characteristics of the Antigen and Its Use 111 Precipitin Reactions, 

J Exper Med 71 43-53 (Jan) 1940 

6 Obtained through Dr Joseph Zichis, of the Illinois Department of Public Health 
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On Jan 1, 1942 (two hundred and thirty-two days aftei the initial attack) theie was 

a strong concentration of neutralizing antibodies in the patient’s serum against the newly 

isolated, J P , A M and W E (Rivers) strains of choriomeningitis virus At this time the 
complement-fixing antibody titer was 1/40 

ANTIBODY STUDIES OF POOLED NORMAL ADULT HUMAN SERUM 

Because of the patient’s favorable response to pooled normal adult serum, ^ we considered. 

It desirable to test several pools of serum for the presence of lymphocytic choriomeningitis 

antibodies Unfortunatel}^, the pooled serum administered to the patient was not available 
for study For this reason several other pools of serum selected at random were tested 
The results are given in table 3 Of 12 seium pools tested, 3 pioved to contain neutralizing 


Table 3 — Lymphocytic Chonomentngihs NenUalismg and Complement-Fixing 
Antibodies in Pooled Nointal Adult Human Serum 


Pool No 

Neutralizing 

Antibodies 

Complement- Fixing 
Antibodies 

204 

0 

0 

209 

0 

0 

215 

+ 

Anticomplementary 

220 

0 

0 

622 

0 

0 

623 

0 

0 

624 

0 

0 

525 

+ 

0 

620 

0 

0 

627 

+ 

0 

523 

0 

0 

629 

0 

0 


antibodies, inactivating at least 100 minimal lethal doses of the J P strain of choriomeningitis 
virus One pool was anticomplementary, the remaining eleven pools contained no com- 
plement-fixing antibodies 

COMMENT 

Theie can be no question, from the isolation of the virus in both episodes of the 
illness and from the subsequent development of virus-neutralizing substances, that 
this patient suffered an attack and lecurrence of lymphocytic choriomeningitis 
Aimstrong^® has stated that this ailment in man presents a lemarkably variable 
clinical picture — a meningeal, an encephalomyehtic and a grippal or non-nervous- 
system type Despite this consideration, it is extremely difficult to say that all 
the manifestations m this instance weie due to the disease process The clinical 
picture at times was so strongly suggestive of hysteria that only few of us enter- 
tained the thought that the clinical picture was not a puie hysteiia Naturally, 
after the virus and immunologic studies we were convinced that the patient had 
suffered an attack of a real infection The question may still be laised, however, 
whether all the symptoms and findings were caused entirely by the infectious 
process It is possible that some of the symptoms were due to a hysteiical 
component 

In addition to the unusual clinical manifestations, there weie othei unique 
aspects in this case The patient’s temperature was practically normal through- 
out the illness Examinations of the spinal fluid disclosed no particulai change, 

7 Obtained through Dr Charles Armstrong, of the National Institute of Health 

8 Howitt, B F Viruses of Equine and of St Louis Encephalitis in Relationship to 
Human Infections m California, 1937-1938, Am J Pub Health 29 1083-1097 (Oct) 1939 

9 Each pool of normal adult human serum consists of approximately 4 liters of serum 
obtained from 18 to 20 healthy adult urban donors 

10 Armstrong, C Some Recent Research in the Field of Neurotropic Viruses with 
Especial Reference to Lymphocytic Choriomeningitis and Herpes Simplex, Mil Surgeon 91 
129-146 (Aug) 1942 
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Of paiticular interest was the absence of pleocytosis in the spinal fluid In a 
previous publication we have pointed out that the spinal fluid may be normal 
m the acute stage of lymphocytic choriomeningitis and that only virus and immuno- 
logic studies can confiim or rule out the presence of this disease 

The demonstration of neutralizing antibodies foi the virus of St Louis encepha- 
litis was an incidental finding of considerable mteiest in view' of the history that 
the patient had lived in El Caj on, San Diego County, Calif , and had suffered 
tiom a rather obscure illness five yeais previously In view' of the demonstration 
of antibodies and the fact that this disease is endemic m California, it is not 
unlikely that this illness had been a mild attack of St Louis encephalitis 

Pooled normal adult human serum was administered on an empiric basis, since 
we felt that the illness might be due to an infection and we hoped that the serum 
might contain neutralizing antibodies w'hich w'ould be of benefit The rather 
spectaculai lesponse to the first administration of seium seemed to strengthen the 
theory that the condition w'as h 3 'steiia Seium therapy w'as therefore withheld 
duimg the i ecrudescence and was finally administered only as a last resort mea- 
suie and w'lthout much hope of any effect We w'eie gieatl)' sui prised to w'ltness 
a response to the second injection of seium compaiable to that seen w'lth the 
initial attack 

In an attempt to explain the impio\ement coincidental with administration 
of seium studies w'ere earned out on 12 landom pools of normal adult human 
serum Unfortunately, w'e did not save serum fiom the pools used in treating 
the patient The lesults of titiation of these random pools aie summaiized in 
table 3 and reveal that 3, or 25 per cent, contained neutializing antibodies against 
the choriomeningitis virus This result is not unexpected, m view' of Armstiong’s 
finding that approximately 1 1 pei cent of 2,000 sei urns from the general popu- 
lation contained such antibodies 

We shall not attempt to diaw' any conclusions fiom the use of serum m this 
single case Nevertheless, it is a fact that with both episodes of this disease the 
patient, w'hen appearing m a critical condition, impioved markedly promptly aftei 
the administration of large amounts of pooled noimal adult serum which may 
have contained neutralizing antibodies for the virus of choiiomenmgitis Obviously 
a gieat deal of w'ork and study must be earned out before any definite con- 
dusions can be reached 

SUMMARY 

In a case of recurrent lymphocytic choriomeningitis the viiiis w'as isolated fiom 
spinal fluid obtained during the initial attack and again during the reci udescence 
The patient subsequent!)' had a strong concentration of both neutralizing and 
complement-fixing antibodies foi the choriomeningitis viius m hei blood seium 
The case show'ed several unusual clinical featuies, especially the clinical pictuie of 
an encephalomyelitis associated w'lth absence of pleocytosis or othei abnormal 
findings in the spinal fluid and an essentially afebiile couise Admimstiation of 
pooled noimal adult human serum in laige amounts appealed effective in the 
control of both the fiist attack and the recrudescence of the disease The piesence 
of neutralizing antibodies against the virus of lymphocytic choriomeningitis was 
demonstiated in 3 of 12 landom pools of noimal adult human serum, w'hile no 
complement-fixing antibodies w'ere detected 

11 Howitt, B F Human Equine Encephalomyelitis and St Louis Encephalitis in 
California, 1939-1941, Am J Pub Health 32 503-515 (May) 1942 

12 Armstrong, C Studies on Choriomeningitis and Poliomyelitis, in Harvev Lectures, 
senes 36, 1940-1941, Lancaster, Pa , Science Press Printing Company, 1941, pp 39-65 



EFFECT OF ROENTGEN THERAPY ON THE HEART 

A CLINICAL STUDY 

MAJOR JOHN E LEACH 

MEDICAL CORPS, ARMY OF THE UNITED STATES 

The modem tieatment of cancer is a group pioject, requiring the close 
cooperation of the suigeon, the radiologist and the internist Among the more 
important problems with which the internist must deal aie the effects of radiant 
energy on vital stiuctures, such as the gastrointestinal system, the kidneys, the lungs 
and the heart, m patients who are receiving or have received radiation therapy 
The purpose of this paper is to leport these effects on the cardiovascular system 
as they have been observed clinically 

This paper is the fourth in a senes fiom the medical service of Memorial 
Hospital on the effect of radiation therapy on the heait and the lungs The first 
two ^ dealt with the immediate and the late effects of high voltage roentgen rays 
on the hearts of adult rats Work now m piogiess will supplement these leports 
and IS concerned with the pathologic physiology of chronic radiation pleuro- 
pulmonitis A preliminary leport on this phase of the subject has alieady been 
given - 

LITERATURE 

A leview of the literature shows many reports concerning the effect of roentgen 
ladiation on the hearts of laboratory animals Warren and Whipple and others® 
failed to find evidence of muscle change macioscopically or microscopically when 
the heait was subjected to vaiying doses of roentgen lays On the other hand, 
Davis ^ and Hartman and associates ® pi ovoked alteration of the myocardium by 
11 radiation of the heart Domagk ® recorded instances of myocardial fibrosis in 

From the Medical Department, Memorial Hospital for the Treatment of Cancel and Allied 
Diseases, New York 

1 Leach, J E, and Sugiura, K (a) The Effect of High Voltage Roentgen Rays on the 
Hearts of Adult Rats, Am J Roentgenol 45 414-425 (March) 1941 , {h) The Late Effect 
ot High V oltage X-Rays on the Heart of Adult Rats, ibid , to be published 

2 Leach, J E , Farrow, J H , Wawro, N W, and Foote, F W, Jr Fibrosis of the 
Lung Following X-Radiation for Bieast Cancer, Am J Roentgenol, to be published 

3 Warren, S L , and Whipple, G H Roentgen Ray Intoxication Unit Dose Over Thorax 
Negative — Over Abdomen Lethal, Epithelium of Small Intestine Sensitive to X-Rays, J 
Exper Med 35 187-203 (Feb ) 1922 Gordon, B , Strong, G F , and Emery, E S , Jr 
Effect of Direct Radiation Over Precoi dium on Heart Size — Heart Mechanism and Alyocardium 
of Rabbits, Am J Roentgenol 11 328-330 (April) 1924 Warthin, A S , and Pohle, E A 
Effect of Roentgen Rays on the Heart, Microscopic Changes m Heart Muscle of Rats and 
Rabbits Following Single Exposure, J A M A 89 1825-1829 (Nov 26) 1927, Effect of 
Roentgen Rays on the Heart Microscopic Changes m Heart Muscles of Rats and of Rabbits 
Following a Series of Exposure, Arch Int Med 43 15-34 (Jan ) 1929 

4 Davis, K S Intrathoracic Changes Following X-Ray Treatment Clinical and 
Experimental Study, Radiology 3 301-322 (Oct ) 1924 

5 Hartman, F W , Bolhger, A , Doub, H F, and Smith, F J Heart Lesions Produced 
by Deep X-Rays Experimental and Clinical Study, Bull Johns Hopkins Hosp 41 36-61 
(July) 1927 

6 Domagk, G Gewebsveranderung nach Rontgenbestrahlungen, Eigebn d inn Med u 
Kmderh 33 1-62, 1928 
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animals that survived irradiation o£ the entiie body Leach and Sugiura^“ found 
that at least 10,000 r (measured in air) delivered through a precordial port was 
required to cause capillary hemoirhage and round cell infiltration in the heart 
muscle The endocaidium and the peucaidium resisted single doses up to and 
including 20,000 r In another group of animals, killed seven months or inore after 
treatment, myocardial fibrosis vras not caused by doses up to and including 7,500 r 
Clinical observations of the effects of loentgen radiation on the heart are scant 
Thibaudeau and Mattick’’ reported postmoitem observations on patients uho died 
from cancel and who had received radiation to oigans adjacent to the heart They 
concluded that cardiac damage might lesult from roentgen therapy Gendreau® 
noted the frequent occurrence of cardiac arrythmia of all types in patients while 
they were undergoing roentgen irradiation of diffeient regions of the body, including’ 
the thorax Desjardins® carefully leviewed all of the literature up until 1932 and 
came to the conclusion that roentgen laj'^s as used clinically at that time (1932) 
would not cause cardiac damage 

SELECTION or PATIENTS 

This study presented some difficulties In the choice of patients those lequired were the ones 
whose neoplastic disease was not so far advanced that thej were likely to die from its effect 
before adequate follow-up examinations could be made The ideal patient w'as one w'ho had a 
localized cancel, who was in good general condition and who was to recenc roentgen thcrapj 
alone In many patients of this type, how'cver, sui gical procedures had to be added to the roentgen 
therapy, and in others distant metastasis de\ eloped, with resultant cachexia Some of the patients 
were lost track of or died elsewdiere, so tiiat adequate postmortem examnntion was impossible 
Eighty-five patients W'cre selected They included patients of all ages (except children) 
and of varied occupations The great majoritj fell into the late middle and senile age groups 
for the obvious reason that cancer is more prevalent in persons of such age groups There 
w'ere patients with normal hearts and patients w'lth various t\pcs of heart disease, particiihrh 
the arteriosclerotic type 

METHOD or STLDV 

Each patient first received a general survey, which included a complete history and physical 
examination Each was then examined w'lth special reference to the neoplastic disease for 
which he originally sought treatment The second examination i aried from a local examination 
and biopsy for histologic diagnosis to extensive locntgenognphic and endoscopic studies With 
some patients an aspiration biopsy w'as done to establish the diagnosis of tumor None of 
these procedures caused any change in the local neoplastic process or had any sustained effect 
on the general well-being of the patient A third cxamimtion consisted of (1) a historj with 
particular reference to the cardiovascular system, (2) a physical examination, (3) a teleroentgen 
or fluoroscopic examination of the chest and heart and (4) an electrocardiographic examination 
At intervals w'hich varied somewhat with the tjpc of treatment they w'crc to recenc, the 
patients were reexamined and further roentgenograms of the chest and electrocardiograms w'cre 
made The time of the second examination w’as made to coincide as closely as possible wuth the 
height of the reaction which resulted from the first course of roentgen therapy Further exam- 
inations were made at intervals up to three months as indicated by the patient’s treatment, 
sjmptoms and general health If symptoms or signs of cardiac failure occurred in a patient 
before, during or after therapy, he w'as seen at much shorter intervals If, on the other 
hand, a patient was obviously doing well, he was seen at the end of three months The follow-up 
period for some of the patients w^as only a few months, since they died early m the course of 

7 Thibaudeau, A A, and Mattick, W L Histological Findings in Hearts Which 
Have Been Exposed to Radiation in Course of Treatment of Adiaccnt Organs, J Cancel 
Reseaich 13 251-259 (Oct) 1929 

8 Gendreau, J E Far Reaching Effects of Gamma Rays and Short X-Rays upon Human 
Heart, Ann Surg 93 476-480 (Jan ) 1931 

9 Desjardins, A U Action of Roentgen Rays and Radium on Heart and Lungs 
Experimental Data and Clinical Radiotherapy, Am J Roentgenol 27 149 (Jan ) , 303 (Feb ) , 
477 (March) 1932, 28 127-143 (July), 271-292 (Aug), 421-436 (Sept), 567-578 (Oct), 
699-720 (Nov ) , 843-858 (Dec ) 1932 
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-then care or were lost to othei institutions for a \ariety of reasons Other patients have been 
followed for over thiee j^ears 

The electrocardiograms were taken both with an amplifying and with a galvanometer type 
-of machine All were taken with the subject m the supine position, and the standard limb leads 
-were used Precordial leads were used with some patients but not with patients in group III 
(see next section) because of the frequent change in the position of the heart in the thorax 
following chronic radiation pleuropulmonitis 


GROUPING OF PATIENTS 

For purposes of companson, the patients have been placed in three gioups, 
depending on the location of the original tumor 

Gioup 1 consists of patients with cancer of the head, neck, cervix uteri or 
lectum While these aie dissimilar diseases, for this study they have certain 
features in common The treatment was largely roentgen irradiation of the tumor 
and radon seed implantation, and there was a minimum of surgical intervention 
Most important, the upper poition of the abdomen and the chest weie not irradiated 
Group 2 IS a miscellaneous collection of patients who had malignant lymphoma 
or teratoma These patients are grouped together because the mtrathoracic 
structures, as well as other parts of the body, received radiation 

Group 3 includes patients with cancer of the breast, lung, esophagus or the 
cardiac end of the stomach, as well as 1 patient with tuberculosis of the mediastinal 
lymph nodes These are placed together because the thorax was the chief region 
treated and the rest of the body did not leceive radiation 


•COMPARISON OF RADIATION THERAPY AND ADVERSE EFFECTS IN THE THREE 

GROUPS 


Gioup 1 — This group is made up of patients with cancel 
locations 


111 the following 
Patients 


Buccal mucous membrane 1 

Floor of the mouth 1 

Tongue 2 

Tonsil 1 

Rhinopharynx 1 

Extrinsic larynx 3 

Cervix uteri 6 

Rectum 5 

Sigmoid portion of the colon 1 


The group includes 14 men and 7 women, ranging m age fiom 40 to 82 years 
The majority were from 50 to 70 years of age Eleven patients had no evidence 
of heart disease Ten had mild to moderate forms of arteriosclerotic heart disease 
nith variable degrees of hypertension and myocardial fibrosis, with and without 
initial incompetency and aortic sclerosis All had regular sinus rhythm, and only 
2 had less than class I functional capacity These patients had class II functional 
capacity 

In the patients with cancer of the head and neck the roentgen therapy consisted 
of a couise of radiation therapy through one or more portals At the height 
of the ensuing reaction, three to six weeks after starting therapy, gold radon seeds 
wei e frequently implanted to supplement the roentgen ray effect In these patients 
there usually developed severe mucositis m the treated region with variable degrees 
of dysphagia or trismus or both These symptoms were so severe in some patients 
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that liquids were the only form of nounshmeiit foi a time Loss of weight was 
marked m some patients Dyspnea, persistent cough, aspiiation and obstructive 
tiacheobionchitis due to laryngeal and pharyngeal edema, infection of the tumoi 
and faulty deglutition frequently developed m addition to dysphagia m those patients 
with radiation directed to the larynx and the hypopharynx 

Patients with cancer of the cennx uteii usually had a pelvic cycle up to 1,800 
1 through foul pelvic portals, followed m six weeks by a ceivical tandem of 3,000 
to 3,600 milligram hours of radium The latter treatment had to be delayed in 
some instances because of cervical stenosis and secondary pyometra Moderate 
ladiation nausea and vomiting which interfered with nutrition and maintenance 
of weight developed m some patients Local infection of the tumor, uterine infection 
and secondary anemia were not uncommon The radiation reaction and bleeding 
tended to deciease the patients’ strength 

The patients with rectal cancel received an avei age dose of 950 r by four pelvic 
poitals plus local ladium therapy by means of a special applicator Manj^ aftei 
treatment expeiienced severe gastrointestinal symptoms with anorexia, abdominal 
cramps, diarrhea and marked rectal tenesmus These factors often interfered with 
adequate lest and nutrition 

Loss of Aveight was most marked in the group wnth cancer of the head and 
neck and was present to a lesser extent m the group with pelvic cancer This 
was due to the marked dysphagia usually present at the height of the radiation 
leaction m the patients with cancer of the head and neck and to the longer period 
of active tieatment which they underwent 

An appreciable drop in blood piessure was noted m only 4 patients wuth pelvic 
neoplasms whereas 6 of the 9 patients with cancer of the head and neck had a 
moderate to marked decrease of blood pressure In the latter this decrease was 
roughly proportional to the loss of weight In the group wnth pelvic cancels some 
of the patients losing weight had decreased blood pressure and some did not 

The fall in the blood pressure of patients receiving roentgen therapy (fig 1) 
has been attributed by some investigators to absorption of split protein (histamine- 
like) substances secondary to destruction of tissue This may be true, but deficient 
intake of food with the attendant loss of weight wmuld seem to play a more 
important role m these patients This change in blood pressure was not necessai il} 
dependent on the presence of antecedent heart disease or previous hypertension 
As the leaction subsided, many of the patients tended to regain their former level 
of blood pressure 

The serial electrocardiogiams weie interesting but somewdiat confusing The 
voltage of P waves and the QRS complexes varied to a moderate degree There 
was no vaiiation of the auriculoventiicular conduction times The voltage of the 
T waves also varied in some These changes were not proportional to previous 
cardiac disease, alteration of the blood pressure, loss of w^eight, toxemia, severity 
of the radiation reaction at its height or to type of neoplastic disease present 
Probably the changes noted depended on the interplay of all these factors, some 
more important than others, but too complicated to permit accurate analysis One 
point was especially striking This was the gradual lowering of the voltage of all 
the waves, especially of the T waves, in patients who w^ere suffeimg from cachexia 
due to widespread cancer Simon and Baum noted similar T wave changes ^ 

10 Simon, S , and Baum, F Electrocardiographic Studies in Pulmonary Tuberculosis 
Preliminary Report on Two Hundred and Fifty Cases, Am Rev Tuberc 17 159-181 (Feb ) 
1928 
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in patients who were suffeiing' from teiminal pulmonaiy tuberculosis Their 

explanation that this lepresented a lesult of piogiessive depression of the 
myocardium due to toxemia piobably applies to these patients with teiminal cancer 
Outstanding caidiac complications following theiapy were observed in 2 of 
the 21 patients One was a man with cancer of the laiyiix who had symptoms 
of coronary scleiosis with angina of effort and who had had caidiac failure two 
years before, foi which he had been treated by his family physician He received 
faiily heavy loentgen ladiation to his laiynx At the height of the reaction he 
complained of incessant cough with expectoration and inci easing dyspnea with 
effort, due to the marked edema of the laiynx and obstructive tracheobi onchitis 
He did not complain of any inci eased cardiac pain at the time Thiee months 
latei he died suddenly at home as a result of a heart attack, presumably a coronary 
occlusion 
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Fig 1 — The effect of high voltage loentgen therapy on the blood piessure of 85 patients 
tieated for cancer The presence of hypertension or heart disease or both did not influence 
these results Group 1 includes 21 patients with cancer of the head, neck, cervix uteri or 
icctum, roentgen radiation was directed to these areas, but the thorax was not irradiated 
Group 2 includes 18 patients with lymphoma or teratoma, roentgen therapy was directed 
to various parts of the body including the thorax Group 3 includes 42 patients with 
cancer of the breast, lung, esophagus or cardiac end of the stomach, 3 with other types of 
neoplastic diseases and 1 with tuberculosis of the mediastinal lymph nodes, only the thorax 
was irradiated 


The second patient, a woman of 82 yeais with a ceivical cancer, had hyper- 
tension with an enlarged heart and mitral mcompetency foi some years prior to 
tieatment An electrocardiogram made befoie treatment showed auiicular pre- 
mature systoles She had relatively little difficulty dining the time she received 
loentgen and radium tandem therapy Five months later she complained of 
palpitation and dyspnea and on examination was found to have an increased degree 
of hypertension and auiicular fibrillation wnth a rapid ventricular late At the 
same visit she was found to have a laige pyoinetra 
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After caieful consideiation one cannot attribute the coronary occlusion in the 
one patient and the auricular fibrillation in the othei patient to loentgen therapy 
pel se While it is true that in the man the laryngeal edema, tracheobronchitis 
and incessant cough may have helped to precipitate the coronal y occlusion, a 
nonspecific infection of the respiratory tract could have conceivably produced the 
same result In the woman the pyometra, toxemia and anemia possibly played a 
part in precipitating the arrhythmia, but these conditions are not necessarily 
secondary to roentgen therapy and can arise in the course of \ arious pelvic diseases 

It would be well to mention at this point 3 other patients not included m group 
1 who have been observed over the past two years They had carcinoma of the 
floor of the mouth, the tongue and the hypopharynx, respectively The first had 
a normal cardiovascular system, the second had generalized arteriosclerosis with 
myocardial fibrosis, and the third a mild degree of generalized arterioscleiosis 
without demonstrable heart disease Oddly enough, all the primary lesions were 
on the left side, and all the patients had bulky metastases to the upper left cervical 
nodes, i e , those intimately associated with the bifurcation of the carotid arter}'- 
Two had, in addition to local metastases, a necrotic, sloughing primary lesion with 
an inflammatory reaction m the metastatic nodes 

The symptoms and signs exhibited by them were all similar and w'ere as follow s 
At the height of their reaction to radiation, when there was considerable edema of 
the tissues of the lateral side of the neck, the patients began to have attacks of 
syncope preceded by maiked pallor, sw^eating feeble slow' pulse and almost inaudible 
heart sounds These attacks lasted from thirty seconds to several minutes and 
were followed by a period of w'eakness and some apprehension One patient fainted 
five times in one hour after examination m the follow'-up clinic None had fainted 
before 

On obseivmg these patients the followung points were noted The pulse first 
became weak and slowed rather abiuptly until the rate was 40 to 50 per minute 
w'lth an occasional premature systole The systolic blood pressure, which had 
been within normal limits at first, fell to 60 to 80 mm of mercury, and the patients 
became extremely pale and fainted The pulse continued to be slow, and 2 patients 
made slightly spasmodic movements of the arms and legs during syncope The 
attacks lasted variable times, and the patients frequently lecovered before any 
stimulants w'ere given Of 2 patients tested by pressing over the involved cervical 
nodes, the first had an abiupt slowing of the pulse and the second complained of 
Aeitigo 

One must conclude fiom the type of attack and the presence of infected metas- 
tatically involved cervical nodes that these w'eie instances of carotid sinus syncope 

These patients responded quickly to laige doses of ati opine The atropine 
effect was maintained foi a few days, with tincture of belladonna administered by 
mouth until the infection subsided The attacks ceased and did not recur One 
patient continued to have the attacks for a week despite the added use of ephediine 
sulfate % gram (0 045 Gm ) given four times daily by mouth 

No attacks of this type have been obseived in patients who had radical cervical 
dissections, in many of whom the vagus nerve was saciificed None has been 
observed in those patients in whom the vagus nerve was possibly destroyed by 
implantation of radon seeds in metastatically involved nodes in the neck When 
the vagus nerve is severed or destroyed, the contialateral nerve is sufficient to carry 
the noimal legulatoiy impulse to and from the heart and aorta and the contra- 
lateral sinus 
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G) oiip 2 — The second group is made up of patients with the following types of 
cancer 

Brill-Symmer disease (giant folliculai lymphoma) 

Hodgkin’s disease 
Lymphosarcoma 

Teratoma testis with widespread metastases 
Lymphatic leukemia 

These patients are giouped togethei because of the anatomic similarity of all 
these diseases except teratoma and because their treatment was diiected to widel}' 
scatteied regions in the body, including the thorax. The usual practice is to treat 
patients with these diseases less vigorously than patients with epideimoid caicinoma 
or adenocarcinoma However, the 2 patients with teratoma were given heavy doses 
of radiation ovei an extended period The ages ranged from 22 to 71 years, and 
there were 12 men and 6 women Five patients had heart disease, in 2 it was 
rheumatic in origin, and in 3 it was secondary to hypertension and arteriosclerosis 
These patients all had class I functional capacity with the exception of patient 17 
(table 2), who had class II functional capacity 

Treatment of patients in this group differed widely Roentgen radiation was 
given m doses totaling from 400 to 2,000 r to single portals and these were repeated 
or not, depending on the course of the individual patient’s disease The 2 patients 
with lymphosarcoma were treated more vigorously than the 10 with Hodgkin’s 
disease The 3 with lymphatic leukemia each received 75 r in the Heublein unit 
(irradiation of the whole body) 

A drop in blood pressure was observed in 7 patients, 9 others had essentially 
no change in blood pressure and in 2 patients the blood pressure was higher at the 
end of treatment than it had been on admission to the clinic (fig 1) While there 
was no apparent direct relation between the decrease of the blood pressure in the 7 
patients and anemia, toxemia, fever and general radiation effect, all or some of 
these factors were piesent and undoubtedly played major roles in lowering the 
blood pressuie after roentgen theiapy The blood pressuie continued to fall in 
some of the patients as the disease became geneialized 

Loss of weight was not a prominent factor in the patients of this gioup In 
fact, they either maintained their admission weight or gamed during the time they 
received the first cycle of loentgen therapy This was paiticularly true in those 
with Hodgkin’s disease who were toxic and anemic before tieatment Some had 
fever before treatment was staited Latei on, as the disease progressed, loss of 
weight was marked m some 

The serial electrocardiogiams in this group weie interesting The P wave volt- 
age and the PR and QRS intervals were unchanged There were slight changes 
in the QRS voltage in all patients except 1 in whom the changes were marked 
Changes m T wave voltage were common and varied widely In some patients 
all the T waves were increased, in others only T^, To or Tg was increased How- 
ever, the increases did not follow any pattern One patient with advanced Hodg- 
kin’s disease who was very cachectic showed all the T waves lowered as in the 
patients with generalized carcinomatosis m group 1 In gioup 2 the generalized 
nature of the neoplastic disease, the fever, the anemia, the toxemia and the depres- 
sing effect of the radiation itself possibly contiibuted all or in part to the electro- 
cardiographic changes One could not link these changes with heart disease 
secondaiy to the loentgen theiapy 
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One patient with marked QRS and T wave changes in the post-ti eatment 
electrocardiogram had changes in the position of the heart secondai}- to a pleural 
effusion on the left side and infiltration of the lowei lobe of the left lung with 
Hodgkin’s disease, which undoubtedly accounted for the alterations in the electro- 
cai diogram 

Gioup 3 — This group with exception of the patient with tuberculous hmph 
nodes consists of patients with cancer m the following locations 

Patients 


Left breast 15 

Right breast 10 

Right lung 5 

Left lung 6 

Esophagus 4 

Cardiac end of the stomach 2 

Pleura, left side (mesothelioma) 1 

Hilus of the left lung (metastatic teratoma) 1 

Mediastinum (Hodgkin’s disease) 1 

Mediastinal lymph nodes (tuberculosis) 1 


These patients are placed in the same group because they received fanl} hea\\ 
radiation to the thorax, and distant paits of the body were not irradiated There 
were 17 men and 29 women, langing in age from 26 to 73 years Nineteen of the 
46 patients had structural heart disease In 17 patients the heait disease was 
secondary to hypertension oi aiteiiosclerosis or both, in 1 it was iheumatic in 
origin and in 1 syphilitic in oiigin (table 3) 

Most patients with carcinoma of the bieast icceued roentgen radiation to the 
.iffected breast and axilla through fiA^e poitals, each portal being given a total of 
1,800 r In some patients this was followed by radical mastectom} In those 
patients to whom only a postopei ative cycle was given, the axilla alone was given 
a dose of 1,800 r to each of thiee portals Patients with cancer of the lung lecen^ed 
ladiation through two oi three appiopriate-sized poitals, cross firing the lesion 
The total dose foi these patients ranged fiom 2,000 i to 4,200 i pei portal 
Patients with cancer of the esophagus weie tieated through two paraveitebial 
and two parasternal portals Each portal was given from 1,600 to 3,000 r The 
remaining 6 patients (those with teiatoma, Hodgkin’s disease, tubeiculosis, etc ) 
had types of treatment too varied to permit detailed explanation 

In 15 patients the beam of radiation was directed through the bulk of the heart 
In 2 patients the lower half of the heart was in adiated The doses that these hearts 
received have been accurately estimated They langed from 750 r to 5,200 r The 
majority of the doses of high voltage ladiation were of the oidei of 1,500 to 2,500 r 
In an undetermined number of the remaining 29 patients (26 with cancer of the 
breast, 3 with cancer of the lung) only a portion of the heait was irradiated This 
needs some further explanation The radiotherapeutist in treating cancel of the 
breast attempts to encompass the lesion and at the same time direct the beam 
tangentially to the wall of the chest to spare the lung This was impossible in 
certain instances because of the location of the lesion or the type of breast with 
which he had to deal In these instances the dose that the heait received cannot be 
estimated 
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There weie wide variations in blood pressure in the patients of group 3 In 
24 it was essentially unchanged during the active phase of radiation therapy, in 16 
It fell, and in 6 it was higher at the end of the therapy than before treatment was 
started (fig 1) Of the 6 patients whose blood piessuie rose, 3 had gastrostomy for 
marked esophageal obstruction before tieatment and their nutrition impioved 
markedly during the time that they received roentgen ladiation This again sug- 
gests that the maintenance of nutrition is a factoi in affecting the blood piessure 
during ladiation therap}'- just as it was in the patients who had cancer of the head 
and neck whose blood piessure fell because of insufficient nourishment 

In the entire gioup there was no evident con elation between alteration of the 
blood piessuie and heait disease, hypertension, anemia, toxemia, infection oi the 
amount of radiation given 

A comparison of the serial electrocardiogiams of these patients taken befoie, 
during and after roentgen therapy is most interesting As in groups 1 and 2 
there were no significant or permanent changes in the P wave voltages, and the PR 
and QRS intervals lemained constant except in a single instance (see the section 
entitled arrythmias, paragraph 4) 

The QRS voltage varied widely, frequently and inconsistently The Q waves 
were the least affected The R and S waves were altered as much as 50 per cent 
from one tracing to its successoi It did not appeal to matter whethei the right 
side 01 the left side of the thorax oi the heait itself was irradiated As a result of 
these QRS changes, the axis deviation was without its usual impoit, since the 
shift was fiequently opposite to or greater than the expected one 

On the other hand the changes m Tj and Tg were predictable in about 80 pei 
cent of the cases In those patients who had the area of a cancer of the left bi east 
iriadiated either before oi aftei operation, theie was a progressive lowering of Tj 
even to a negative phase, followed by a gradual rise toward the pi etreatment level 
Coincident with the decrease of Ti there was a rise in the voltage in Tg followed 
by a gradual decrease towaid its former level To was raised in some tracings and 
lowered in others and relatively unchanged in still others (figs 2 and 3) 

Conversely, in the patients who had roentgen treatment for carcinoma of the 
right breast there was a general rise in T^ followed later by a decrease toward its 
former level As Ti rose, Tg fell, and then gradually returned to its former level 
Tg rose, fell or remained unchanged (fig 4) However, these changes were of 
smallei magnitude than those in the patients who had the left side of the tlioiax 
treated 

In those patients m whom the center of the thorax was treated — foi instance 
patients with carcinoma of the esophagus, carcinoma of the lung close to the hilai 
area or mediastinal tumors — there were recipiocal changes in T^ and Tg, but they 
did not conform to the pattein shown by the patients with cancer of the breast 
and cancer of the lung away from the hilus (fig 5) 

Three patients have been observed 2 of whom had pericarditis and the third of 
whom probably has pericarditis following roentgen treatment In the first, a 
woman with cancer of the left lung who was treated heavily twelve years ago, 
ladionecrosis of the ribs developed with secondary empyema and a most severe 
form of pleuropulmonitis During the last two years of her life progressive right- 
sided heart failure developed with all its classic signs, and she died as a result of it 
At autopsy chronic peiicarditis, partly adhesive in type, and the changes typical of 
cliionic cor pulmonale were encounteied The latter state was induced by com- 
pression and torsion of the pulmonaiy artery due to advanced chronic fibrosing 
mediastinitis 




C3 "‘•'3 

■gg . 

a > g 

Cj O-*-' 

— « o o 

'O 4 -> Cvj CJ 

cj d •*-* 

ss^s 

4 J 

2 C3 00 

Sag 

£”gS 

*"“00* 

ooiS 

00'5 

Sii-s 

>-=0 

CS 

“1 

s C3 Q 

Pk p g-oc-l 
<1 m Cm 
H 


oomSmcTo oo 
com £ 2 w^co o 


uac ^ Or -* c<o e ^ — 


Ji « w « 

52 ^ o 
^ s «£ 

u Cl'S 


8 - g ^' g ^ S ! 

oj E cj g.a c .< 

-'^2 a S ” ' 

- D . c : o S 
«ra «■ 

^ J ! ” 3 

at ..« co -- s ; 

' bS “ S « « 

“ “ a r ->— ? 

slS^-'g I 


2 ^ S I 

S l«g 

«oo d " — 

IsS^^S 
•“ . 
Sn C “•= 

rH O W 

^ ft 

> OO'O 00 

"a^sSS 


£ oco 

'^ 5 c >» 

^ C 3 J 3 



? ''» Q «©0 CftO 

cr C 5 oo © o © © 


E £ -^ 

C *-'*j 

^ • '***n 

E « - g ^ 

« w o 

P V e 

§l|sg^ t: 

sgl§*^£ s 

o 0*3 o *1 o -c 

rc : 5 ft«:S _ 
S ';? S s ^ d 
§•»- « o fee 3 s 
no csJh g 

« CO — 


d > I 

o 

i ? ’ Sc ; 

•ft CS r" 

}- C3 P»» 
C 5 3 • E 

S « ft ® 

2 O -*-» 

- trS 2 

3 ^ -m 2 
^£ p.E 


B a g'o 

^ W 3 >-« 

(M 



728 



o 

3 


ooooo 

^ rH05 O rH 
W ri CNl N 


) 0 0)0) ^ 03 


CO 0)00 00 00 00 
00 CO CO CO CO CO 


lO l> O r-< Ci 


O b- 00 CM CO lO 

CO rH*^CM CM r-l 

CM CM CO CO •*< lO 


§ ^ Sm 

in 5 >» 

4-> M 

<H g ^ « 

C3 CJ f<< M 
tA Pt 
« f-4 CO eS 

a e3 p d 

2'3 

a ” a 

d O CO t- O 

•sagas 

P.’SMaS 

wo”|l 

r-t CM CO 


- S ^ 

3 =Sga 

5 «i| 

J ’•‘-oa 

1 g p o 

> 5 wa 
j S2 O 

4 a a O 

5 S«a« 

) a s Mo 


■*^ «k 

OQ © ^ 
p ©lO 

Pi^ 

Xi 

M ^ 

i-§ 

®3 Soo 

=5 >7 

'S&'’ 

a “ k‘ 

o 

g 2s 
sa p- 


hi 

a3§ 

M^CM 

•“a 1 
oS 

00 C3»p 
CO m 5 

Sg-a 

>»“ 

3 uB 
»-3 o W 

d M.M 

og^j? 


S M 

CJ-Q 

.4^3 U 

CO d 

^>2g§ 

f> M -!J« 
dCM* 


>-( d 

® O - 

ht n 

d d X 

44 M< 

CO CO 

O O »p 

a p* p 

frt ^3 

fp 3 

p 9 

a “ 2 

t. S a 

o t; p 


a 43 >, 

^ " ooJ= 

t>.g >. o 
0O43g43 uS 
3 n t. njaco 

203 Oco S O 


■I © fM Q M 

O 


p 44 
d © 

sz 

dCM 

CO . 

C3P >» >» 

•-•^carQ 

>) ^40 ^ 
>4 _ TH ^ 

§8 § 

PQ 200 7:03 

1-5 


" rO>0 

CD^|»4 

'^»P s 

cr o 

>, ^^co^- 

U4 C3 

ao'^ C 
5 o g o 

og^-o-q 

1-5 t-s 

w 


729 



O o 00 -JO 

woo t- cj 

rM »-< rH rH 

? 2 ' 5 SS 5 ? 


S^SSfC 

gs^is 

T-t C< r-< Ci fH 


S2gS 

Cl C4 Cl 


OC£J00O*~O 
*5 O i-< M C* Cl 
*-< « i"l fH r-< 


I'' Oco C 

wow* W Cj 


f COOCI-«t^ 
«“/ Cl 

cr or C5 Cl ^ 


3 tr 

cj "tn 

^O 

!I o 

sy 

^ C3 4J 
*rj ^ 

e 


CZ 3 

5 c r ^ 


« - -T ’'■ § ^ 

•"^S= 

5 , ? C =•= C I 

r - Si " 5 j i 
s ..i! t. O m _i 

H — £' 

o ii i Ci 5 C« C ! 

— c Cj ^ a : 

«0 CS'-^ WO 


*^5 ^ £i 

=s|ss 

c» 

i S ftJT e 

iiW 

E“S = S 
•^aJ o § 
Ho ep- 


i*" ft 

C ^ R 
s s: ^ e-> 

.ScS^ 

2 ^*7 « 

c c 

V c »- ft 
? 

Sc 5 

•- »-. t£ O 

C5 c J3 

sows 


tr Oi 

S 

asH-5 

ws “ a 

oS« = 

w t>*S w 

"2.“§ 

i!jsgp< 


cj > c3 

^ «5 

U 

CO C3 63 
CO 

& 

^ s ti 
» CO O 

u 

Q> 

^•l^s 

Oi 

t5 


g§,- 

•=«58 

o c 
S O 5 C3 
- 


M W c.^ 
^ « m o 
£ « 

g3-° = Z 

“•§§8 
>) a > ou 

a « «,-X 


_.-S 

ii-a 

K 

=5 tT 

S-gc^ 

a^ gg 

C Cl" 

■*^ ..a 
w * 
a t« a 
w ej -ja 

u. 5 CJ a: 

,Q C «i ^ 
^ S a 
a« 

^ • « - 

;c 

Ss CJ CJ 

S a a 

a tj 


S3 M 
> ^ O 

— 

Oo,«. 

CJ ^ 


'ia o 

•i CO 

'^^5? c 

Or^ a 

»— ( ® 
Cl 

ag 

'cjcT 


ao 

e 

•a o o 

5£ 

c.!-* 

” p. 

a? 


fl . CM 

Eg 

^ u to 

11 


ku^ 

■ft ft 
o'® >. 

00 ^.-OE 

CO Cl O O 
O c 3 

*-• u^ 

s sst^ 
o E t< *■< ® 
.?a.SE 
ft 


730 





cToCigioOO 
O l> *> O 'V o 
<-*1 o 00 C^ t* I'- o 


CO o o o 
CO “ti ~ lO 1^5 ““O 


i"- f-l 1 *^ O rH -t< 


-fCOl>'*^‘* 0 »ACOO 
*^rH Ot C 5 •-< 

« o I- O ot T o 


s 

Q CNi 

00 1 - 

OOP 

CO C> 

0 0 d 0 -r 

0000 CO £>05 

CO 

T-H 

s§ 

r^ rH 

rH rS ^ 

0 d 00 00 

-ji -ti rH CO 

d r^ rH rH r-» 

J/18/38. 
9/ 6/38 

05 oT 

CO CO 

00 05 
ftt 

'V' Ift 

CO CO 00 

COCO CO 

M r-l 00 
r-i 

^r^CO 

odd 00 

--o 

0 CO Ci CD CD 

^GNC C< 
rv rr CD 0 

i-r fH 



CO 




w 

So 

0 >i 



fcl « c « 

a O S a 

*5 eg. 

B«-s'^ 2 
o_ SiJ_ 

w a s'c a 

® *5 o ® 

£ SSg o 

fc< a ^ ^ 

ao'=«S 

S! ^ 5 

Mr? 

j-H O* CO -t< 


^ _J- c 7 : hh 

re £ S >> 

~a ^i 3 - 

if S 'Sc 5 

>§ > a 

■ 25 |?c_ « 

o g a S 2 ID'S 

S C) 4 ) M P 2 S 

ifiliil 

WO K fe 


a 5 22 

be CO 
o ?5 O 

i-ss 

gg«' 

"§« 

Iff 

mo''" 


' u M a 
' dis V 
’ c; ca 
' 4 J ^ rs 
Q> !_. a 


— o 

a 3 rH 

^ U C'j 

W > I 

S^ « 

a S 

^“5 ^ >» 

Sg-^E 

a o « 
■— ' •*a cj 
x: 

-. u ^ ” 

cr to e 

cj a 
iH ^ 

X 5 r— O 

o-“-S 
^ U - 
2 ft ^ 
r-i ^ U T-, 

, >>0 

o a a 

ri; Vm 53 >-3 


CO y 

a a 

o) C« 

-Q 2 ^ 

"•aTl 

o d 1 w 

H 

_ >> >-3 cn 

C a aP « 

t> a c 


S d ^ 
^x:S 

Cj C4 
^ O 

-. *-• to 

>» s2'^^ 

3 V-I CO o 
i-= 


a a &if 
•3 a « 2 
ScTSS 

® 2 -a c 

a w^'O 

S 

« a ,3 ^ 

a’d a — 

o a 

a o ^ 
4 J‘> p. a 
CO a *^'ti 

2l§" 

U, ar^ - 

g P i.’S 

S -2g 

tH <- 

a^gS 

S'’E2 

T 3 -«'d'^j= 

« 5 i ^ o § 

Id o 
^ ^*3 — o 
Ci a *-• '^ o 
000 
<; a^ r«c 5 

> 


/~N 

0 ^ 0 ) 
gts fee 
- a a 
'C 

a ^ 
3: o fe 

a *-^0 


fc* U< coii 

P- d- o o 

< d.> 


731 




& 

o 


a 


a 

p. 

03 

>> 


s 

o 

C 


ns 


C3 


n3 


n3 

•4^ 

c 

C3 

03 

43 

a 

C3 

a 

C/ 

E 

.c 

Oi} 

4.a 

a 

o 

03 

V 

B 

P 

o 

2 

o 

A 

o 

O 

o 

•k» 

a 

O) 

t> 

a 

a 

o 

03 

C3 

d 


.22 

*S 

a 

to 

o 

4>: 


8 888 

00 

CO iH rH r-t 




8889 


OOQ^OOOC 

coooowoooc 

CO ooo»^o o< 
«^«r-tWC}C0i0C 


Cl C< r<t CO •I' O O 


ss 

8S 8S 


a 5 >■ 
B -S^ 

w U ,.% 

*55 M g w c5 

g ei o ^ 
pS*S^ 
^ S el « e 


.S S’e>*« C 

««!«*§ 

o a E 

iogsl 

^ Q t8 5 
ht e<= &>p 

-^O «fi 

*-<« CO*** 


o e Q 
»-• eii 

Cj C* 

V Ch n 

•2liS 

«-* □ ss 

K eiid 

<o 


sa c 

iSS I 

CO ^ 


s ^5^ 

es ^ » 


WpS 

<5r-rp. 


oS'd': 

^ p«iD < 
C3 < 


u«4 j ® 

M o 

C4.0 P. 




03 

s 

CO O « 

^ Ss3 c3 

o 2 is « 

Q .a o 73 

H .4^ a> 

Wj o»5 m 
03 CQ ft+a 

a ig'Ss 


o»o 

»o o 
fl *5 2 

©"jaS 

M 2 2 « 

i3> 03 es M 

SSSp. 

§sss 


732 



a 


S o O CO o o 

CM CD 05 rH r-l 


OO t' CO C5 < 


CM CMCO O *^0 COc 

fH 05 CM Cf^ CO rH< 


C3 . C 

ess 

tQ»o a 

^ «*:= 

O C 5 C 3 
H >>C 

s|| 

'?'"oc 

IgS-e 

5-gO-S 

4-> ^ 

« £» 

W M 
o cj *2 


§SS38 toS 


COM'OCOC^CO coco 


CO CO CO CO CO 
r-t CO ^ CM 


CO W CO CO CO CO « 


CMC 4 rHcOt- 1 ^ Cir-» 


•^lOOCMOO OOOOi^ 


S2 «| 

♦O ^ ft 

^Q3 4J 

o 

. cjc;^ 

S 2 S t. “ 

1^1“ § 
>-' “ 2 S-S 
o o es o o 
fto-g-q n 

MS 


0*« C3 
W IH P. 

OT .S CO g 

O CJ 3 ^ 

" H <u- 

■§ &” E c 
S c S o 
~ cS'oS 
S p a a « 

4-1 ^ ^ 

M P a) CO 3 

■siOW 

IH CM CO 4P 


I E^ 

oi t^*rT 

t: ft-ft S? 

p ft 

a® a S 

2- a_ 

2.2 “ 3 
S’® t- 
2^ K o 

u, 'Sa- 

|ogS 

WJ3wl§ 

i-t Ci CO 


— * 

M TO 

gS E 


w C5 S 

O 

f-l 

^ u 

S-«“ 

•M TO 

"o 


OCM 


E|c.g 

3 ci 

£ . ct^ 

■S*- «44 

28 2 '* 
tD O O 
5i n ^ 

E 


SSE-' 

S o 
tTC c3 
^0-2“ 
El a ^ 

r-j CJ OT 'O O 

^ « o S ^ 
R c.Er-r 
o 


fci ■“ 

S«a 

^ K. 

“ig 

•— CM 

Eg - 

3 c 
C 

r « ^ 

a ^ 

«l-g^ 


iis 

r- cvTmJ 
> 

iS o > 
-at: a: 
’c£c' 

g§- 

P 

fife's i 

<I «to 

in 


w O ft 3 

o 2S4J 

:5SH.s 


733 



ARCHIVES OF INTERNAL MEDICINE 


4 .- 25-39 










Tfmhiwif. 


. —^4 =* ■ 


I 1 


8-17-39 










^”4 - -}. — «=*» j 







T. ::?* -I' 



Fig 2 — ^ Before treatment A roentgenogram of the chest and an electrocardiogram of 
L L, a woman aged 43 with cancer of the left breast 

B After roentgen therapy and radical mastectomy Note the radiation pleuropulmonitis in 
the upper part of the left lung Ti is almost isoelectric, and To has increased voltage 








leach-effect of roentgen therapy on heart 
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C Twehe months aftei roentgen therapy The radiation pleuropidmonitis persists but has 
decreased Ti has increased and Ta has decreased voltage 

D Eighteen months after treatment The radiation fibrosis persists This patient had no 
cardiac oi pulmonary svinptoms at anj time 
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Fig 3 — A Before treatment A roentgenogram of the chest and an electrocardiogram of 
R W , a woman aged 37 with cancer of the left breast and rheumatic heart disease 

B After mastectomy Note the maiked decrease of Ti and the increase of Ts Theie were 
no cardiac or pulmonary complications before or after operation 
C Immediately after roentgen therapy 
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LEACH— EFFECT OF ROENTGEN THERAPY ON HEART 

The second patient at the time of writing is a woman aged 45 who was treated 
foi cancel of the left breast six years ago A severe form of radiation fibrosis of 
the lung and i adionecrosis of the anterior portion of the ribs and overlying skin 
on the left side developed, which is progressing Three years ago she began to 
complain of increasing dyspnea, edema of dependent parts and ascites At 
piesent she has all the classic signs of constiicting pericaiditis and signs of chronic 
ladiation pleniopiilmonitis of the lower lobe of the left lung The venous pressure 
IS maikedly elevated A biopsy of her liver done two years ago showed cardiac 
ciiihosis ” A kymogram shows markedly deci eased pulsations of both the left and 
the right side of the heart 

The thud patient is a woman aged 35 who also received heavy iriadiation of the 
left side of the chest foi cancer of the hi east and m whom a severe degiee of pul- 
monai)’’ fibrosis developed Neciosis of the soft tissue of the anterior aspect of the 
thorax on the left side and of the subjacent ribs developed, and a low grade mfec- 



D Se\en months after roentgen therapy, four months aftei operation Ti is almost isoelec- 
tric Note the radiation fibrosis in the upper pait of the left lung The patient complained of 
some dyspnea and cough 

lion ot the left lung occuiied latei Hei complaints since then have been largely 
d}spnea, cough, expectoration and occasional hemoptysis The pulsations of the 
heart on the left side cannot be detected fluoroscopicall} , either because the} are so 
small in amplitude oi because the left lung is too dense A lc}anogiam, while not 
conclusive, is stiongly suggestne of pleuropencai dial adhesions on the left side 
To date she has nevei expeiienced caidiac failure Her electrocardiogram shows 
isoelectric 1 ivaAes in all leads This may be due to myocardial degeneration but 
IS probably due to peiicaidial adhesions 

'Ml these jiatients are similar in that they received heavy roentgen radiation 
and chionic infection of the thoiacic wall, ribs and left lung developed As the 
infection piogressed b} contiguit}. the pericardium was invaded One can assume 
either that- the jiei icai ditis w as caused pnmanh by roentgen thei apy or that the 



738 


ARCHIVES OF INTERNAL MEDICINE 



Fig 4 — A Before treatment A i oentgenograni of the chest and an electrocardiogram ot 
A W , a woman aged 65 with cancer of the right breast 

B Eight months after mastectomy and two courses of i oentgen treatment Note die 
tion pleuropulmomtis in the upper half of the right lung In the electrocardiogram Ti an s 

have increased and T-s has decreased voltage 
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theiapy started a chain of events and the secondary infection was the leal cause 
of the pericarditis The latter explanation seems more likely 

One patient with teiatoma with bulky metastases in the upper left poition of the 
mediastinum and the left supraclavicular space was treated heavily with ladium 
pack (80,000 milligram hours at 10 cm ) in 1936 The upper poition of the heait 
was included in the beam of ladiation Foi a few 3 eais piioi to this he had com- 
plained of vague symptoms suggestive of coronary insufficiency with angina of 
effoit In 1938 he had well marked symptoms of coronary insufficiency In 
1939 he died suddenly in an attack that was leported to be typical of coionary 
occlusion At autopsy the heait showed marked fibrosis, but the endocaidium and 
the pericardium were noimal The degree of coionary artenoscleiosis piesent did 
not diffei in any way from that seen m a patient who had not had radiation theiapy 
There was nothing on gioss or microscopic examination to suggest any pecuhai 
effect of the gamma lays on the heart 



C Twelve months after mastectomy The roentgenogram was made after a third course of 
roentgen therapy to the right wall of the chest The riglit hemidiaphragm has ascended, and 
the pleuropulmonitis has inci eased The electrocardiogram is unchanged 

AiiytJimia — Of the 85 patients studied, 10 had different types of aii 3 Thmia 
before, duiing or after treatment One patient with iheumatic heait disease had 
piemature auriculai contractions all during the period of observation One patient 
with coronary scleiosis and myocardial fibiosis had premature \entiicular con- 
tractions all duiing the follow-up peiiod The conti actions weie unchanged in 
frequency One patient had piemature ventriculai conti actions after being treated 
foi carcinoma of the caidiac end of the stomach with extension up into the 
esophagus This occuiied at a time when theie was a question of a low grade 
infeiioi posteiioi mediastinitis due to extension of esophageal infection Whether 
this was a factor in producing the premature conti actions is problematic, since 
man 3 patients vith lowei mediastinitis have been obseived in the hospital and 
cardiac air 3 ’-thmia has not been unusuall 3 ’- frequent 
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Fig 5 — A Befoi c treatment A roentgenogi am of the chest and an electrocardiogram of 
E F, a man aged 67 with cancer of the esophagus 

B After roentgen tieatment Intensive roentgen therapy with a 1,000 kilovolt machine had 
been given Note the marked degree of radiation pleuropulmomtis Ti has increased and Ts 
and Ta decreased voltage The patient complained of slight dvspnea on exertion and cough 
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Three patients with heait disease had auiiculai fibi illation befoie tieatment 
The fibi illation peisisted dining and after therapy and responded to the usual 
amount of digitalis Then management was not moie difficult than if ladiation had 
not been given 

One patient had two attacks of paioxysmal auricular tachycaidia, one during 
treatment and one many months after tieatment He was treated for both 
attacks by his local physician with digitalis, and regular sinus ihythm was lestoied 
m twenty-four and forty-eight hours, respectively This same patient had an attack 
of auiiculai fibi illation shoitly aftei paralysis of the left vocal coid developed as a 
result of extension oi metastasis of a carcinoma of the left mam bionchus to the 
hilar legion with inteiruption of the recurient laryngeal nerve This was again 
treated by digitalization, and regnlai rhythm was restored The paialysis of the 
left vocal cold peisisted until deatli 



C Eleven months after treatment Radiation pleuiopulmonitis persists Ts shows slightly 
increased voltage At this time the patient was free of pulmonary symptoms and was gaining 
weight and strength 

One patient had a left bundle branch block befoie treatment This persisted 
unaltered all during the post-treatment period One patient had a lii st degree heart 
block and received heavy radiation diiectly through the entiie heait by four ports 
An electrocaidiogram taken one day befoie death showed a reduction of the PR 
interval fiom twenty -foui hundiedths to two tenths of a second 

COMMENT AND SUMMARY 

There were two possible ways in which these patients might have been grouped 
for study One was to sepaiate those that had heart disease from those with normal 
hearts and compare the effect of ladiation in each group The other way, as was 
done here, was to group them on the basis of the region of the body irradiated 
From the lesults that have been obtained it seems that the effect, if any, depends on 
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the location and treatment of the cancer lathei than on the jiiesence oi absence 
of antecedent heart disease 

It IS undoubtedly true that the changes in the blood pressure during and aftei 
tieatment depend on (1) depressive effect of the radiation itself, (2) fever, (3) 
toxemia, (4) infection, (5) anemia and (6) cachexia A factor that is probably 
just as impoitant as all of these other agents is nutrition 

In the patients with cancel of the head and neck in whom dysphagia interfered 
with ingestion of food the fall in blood pressuie w'as striking As soon as the 
dysphagia disappeared and proper feeding w'as established, the blood pressure rose 
again Thiee patients who had esophageal obstruction relieved by gastrostomy 
befoie loentgen tieatment was instituted had an increased blood pressuie during and 
after the time they leceived loentgcn theiapv Apparently this \vas also due to 
increased intake of food 


Table 4 — Types of Cardiac Anythmia Obsavcd 


Patient 

Se\ 

Before Tlicrnpv 

After Tlicrapj 

Comment 


1 

r 

Premature auricular 
contraction 

Premature auricular 
contraction 

^o change 


2 

M 

Auricular fibrillation 

A.urieulnr fibrillation 

^o change, usual response 
digitalis 

to 

3 

r 

Auricular fibrillation 

Auricular fibrillation 

>0 cl)angc unial response 
dlgltalK 

to 

4 

■M 

Auricular fibrillation 

Auricular fibrillation 

>0 change, usual response 
digitalie 

to 

5 

M 

0 

ParoxjKinal laclijcardla 

2 attacks, auricular 
fibriiintloa 

Both attacks subsided 


0 

F 

Left bundle branch 
block 

I eft bundle branch block 

>0 change 


7 

AI 

Complete heart block 

1st degree 

Complete heart block 

1st degree 

Aurlculoccntrlcular conduction time 
reduced from 0 24 to 0 20 second 
one dnj before death 

8 

AI 

Premature %cntricular 
contraction 

Premature icntriiular 
contraction • 

Xo change 


9 

F 

Premature Tcntrioular 
contraction 

Premature \cntrlcular 
contraction 

^o change 


10 

AI 

0 

I’rcmatuio centricular 
contraction 

Poeteilor mediastinitis ? 



The fall of blood piessuie m patients Avho lecened loentgen ladiation diiectly 
through the heait foi tieatment of pulmonary cancel was not as sinking as that in 
the patients with cancel of the head and neck 

Those patients wdio had cardiovascular complications have alieady been dis- 
cussed in the respective groups In summaiy theie w'as no evidence that roentgen 
therapy pei se caused the complications that arose Those wuth pericarditis and 
those wath the caiotid sinus syndrome had a particulai set of conditions aiising 
fiom both the tieatment and the disease itself In the patients wuth the caiotid 
sinus syndiome it w^as piobably infection and metastases m the cervical nodes plus 
tieatment In the patients wnth pericarditis it was ladiation pneumonitis plus 
secondaiy infection In these last patients infection seemed to play the majoi pait 
in the complications produced 

Physical Signs and Symptoms — It was extiemely difficult at times to evaluate 
the symptoms and signs in patients w'ho had ladiation to the thoiax Ihis w^as 
particularly true in patients wdio had radical mastectomy, especially if the opeiation 
was foi cancel of the left bieast There w'^eie two distinct reasons for this difficult\ 



LEACH—EPFECr OF AiOENTGEN THERAPY ON HEAR! 


743 


One concerned the ladiation and one the opeiation In many patients both factois 
A\eie piesent Ceitain events fiequently take place in the thoiax when the struc- 
tuies within aie iiiadiated At fiist acute ladiation pleuiopulmonitis may develop 
If scAeie enough this ma) pi ogress to the chionic form of the disease with pei- 
manent displacement of the heait towaid the affected side, deci eased mobility of 
the diaphiagm and in many instances paitial fixation of the wall of the chest due 
to fibi osis of the parietes 

This deformation of the lungs, the mediastinum and the wall of the chest gives 
use to (1) d}spnea (2) cough, (3) pleuial pain, (4) occasional hemoptysis and 
(5) 1 educed Mtal capacit} 

The dyspnea has ceitam qualities that distinguish it fiom caidiac dyspnea It 
Aaiies vith weathei conditions, increases onl)^ with effoit and often changes little 
quantitatn ely ovei a long pei lod When it is sevei e, it is almost always accom- 
panied b}^ cough Theie is nevei any edema oi increased piessuie in the peripheial 
\ems unless theie is complicating mediastinal fibrosis, maiked mediastinal distortion 
01 heait disease with congestue failuie 

The cough is eithei dr}’- oi pioductive of scant white mucus It occurs m 
paioxysms and is usually worse on arising, on retiiing and duimg exercise 
Hemoptysis is infrequent, and when it occurs is almost alwa}s pieceded by severe 
parox}sms of cough 

As a lesult of the displacement of the mediastinum and partial immobilization 
of the diaphragm and vail of the chest, physical signs elicited on examination aie 
sometimes unusual The heait may appeal to be enlaiged to the left The apical 
impulse IS unusually foiceful and may simulate a systolic thrill Mnimuis when 
present befoie ma} be exaggerated oi otherwise altered The pulmonic second 
sound IS often lelatively accentuated 

The symptoms and signs may cause the physician to wondei if he is dealing with 
an induced foim of heait disease With the exception of the 3 patients with peri- 
caiditis, whose cases aie special instances, there has been no clinical evidence of 
oiganic cardiac disordei consequent to ladiation therapy This obseivation is sup- 
poited b}’^ additional clinical data obtained from the study of over 75 patients with 
long-standing ladiation fibiosis of the lung In none of these has theie been evi- 
dence of heart disease provoked by the roentgen therapy 

The vital capacity of the patients who had ladiation to the thoiax was almost 
always i educed This was because of (1) pneumonitis, (2) mediastinal displace- 
ment, (3) impaiied motion of the diaphragm and (4) immobility of a poition of the 
thoiacic wall The i eduction was tempoiary if the pneumonitis was mild, recoven 
complete and the othei factois nonopeiative If the pneumonitis became chronic, 
mediastinal displacement peimanent and fixation of the parieties persistent, the vital 
capacity lemained loweied 

Conti aiy to Gendreau’s obsei vations, caidiac aiiythmia occuiiing as a lesult 
of loentgen tieatment has been mfiequent in these patients One patient in whom 
piematuie ventiicular conti actions developed apparently had a low giade posteiior 
infeiioi mediastinitis This may have been a cause for the ectopic beats The 
other patient, who had two attacks of paroxysmal auiiculai tachycaidia, was 
mteiesting in that the fiist occuired duiing tieatment and the second many months 
after tieatment was stopped The tachycaidia may have been due to the theiapy 
itself, but it may also have been due to hilai metastasis, since shoitly aftei the 
second attack he had attacks of paioxysmal aunculai fibi illation, and comcidentallv 
with this palsy refeiable to involvement of the left lecunent neive developed 
Fiom the i oentgenogi ams it was impossible to tell how extensne the disease m the 
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hilai legion was One can only surmise that involvement of the left vagus nerve 
or even invasion of the auricular myocardium by neoplastic disease may have been 
the cause of the fibrillation 

Elcctrocmdiogiapluc Changes — There has been a large numbei of papeis 
leporting the changes in the elecliocaidiogiams as a lesult of altering either the 
position of the leads in i elation to the heart or the relation of the heart to the 
thoiacic cavity Notable among these have been the observations published by 
Einthoven,^^ Katz and associates/" Kountz and co-workeis/^ Meek and Wilson 
and many others In these reports, however, the emphasis has been placed on 
the variations of the QRS complexes as the position of the heart was changed 
or as one oi more of the caidiac chambers inci eased in size Some mention has 
been made of changes in the configuration of the T weaves, but no special lefeience 
or explanation relative to them was made 

From a study of the seiial electrocai diograms of these patients two general 
types of variations can be seen One is the minor Aanation of all the waves, 
more marked in some than in othcis, that occurred in all of the patients Since 
this type was present m patients both wuth and w'lthout heart disease, the only 
logical explanation is that it represented the leaction of the m 3 -ocardium to infec- 
tion, toxemia, altered nutrition, general efifect of the loentgcn ra)s, anemia oi 
the neoplastic disease itself In some patients only a few' of these factors weie 
important, in otheis all might haie played a part 

The other type of vaiiation was that seen m the patients who had ladiation 
directed to the thorax While theie w'cre some variations in P, Q, R and S 
waves in the electrocai diogiams, they w'cre extiemely wide and unpredictable 
The T wave changes weie consistent, and in man) instances one could forecast 
the alteiation that took place These changes w'ere picsent in patients wnth and 
without heart disease and w'ere most marked when the patient received radiation 
for cancer of the breast and when there was appreciable evidence both on physical 
examination and in roentgenogiams that radiation fibrosis of the lung w'lth some 
mediastinal displacement was present The}' weie less sti iking w'hen the heart 
itself was irradiated (see figures 2 through 5) 

11 Emthoven, W , Fahr, G, and de Waart, A Ueber die Aichtung nnd die nianifestc 
Grosse der Potentialschwankungen im menschlichcn Herzen nnd uber den Einfluss der Herz- 
lage auf die Form des Elektrokardiogramms, Arch f d ges Physiol 150 275-315, 1913 

12 Katz, L N , and Korey, H Tlie Manner in Which Electric Currents Generated by the 
Heart Are Conducted Away, Am J Physiol 111 83-90 (Feb ) 1935 Katz, L N , and 
Rabinow, M Appearance of the Electrocardiogram in Relation of the Position of the Heait 
Within the Chest, Am J M Sc 192 556-559 (Oct ) 1936 Katz, L N , Sigman, E , Gut- 
man, I , and Ocko, F H Effect of Good Electrical Conductors Introduced Near the Heart 
on the Electrocardiogram, Am J Physiol 116 343-348 (July) 1936 

13 Kountz, W B , Prinzmetal, M , Pearson, E F , and Koenig, K F Effect of Position 
of the Heart on the Electrocardiogram The Electrocai diogram in Revived Perfused Human 
Hearts m Normal Position, Am Heart J 10 605-613 (June) 1935 

14 Meek, W J, and Wilson, A The Effect of Changes m Position of the Heait on the 
Q-R-S Complex of the Electrocardiogram, Arch Int Med 36 614-627 (Nov ) 1925 

15 Treiger, I , and Lundy, C J Correlation of Shifting Electrical Axis of the Heart 
with X-Ray Observations in Artificial Pneumothorax, Am Rev Tuberc 29 546-557 (May) 
1934 Boden, E , and Neukrich, P Elektrokardiographische Studien am isoherten Sauge- 
tier und Menschenherzen bei direkter und indirekter Ableitung, Arch f d ges Phvsicl 171 
146-191, 1918 Cohn, A E , and Raisbeck, M J An Investigation of the Relation of the 
Position of the Heart to the Electrocardiogram, Heart 9 311-326 (Dec) 1922 Cohn, A E 
On the Relation of the Position of the Enlarged Heart to the Electrocardiogram, ibid 9 331 
346 (Dec) 1922 
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It IS piobable that another cause foi the T wave changes is the fixation of the 
thoiacic wall Evidence supporting this is the fact that similai changes have been 
observed in the electi ocardiograms of patients aftei ladical mastectomy, before 
ladiation theiapy was started (fig 3) There was such a patient m this series, 
and since this patient was seen, others have been obseived The changes are likely 
to be moie marked when mastectomy has been done on the left side One 
possible explanation is that theie may be an appreciable degiee of compensatory 
emphysema of the contialateial lung when the homolateial lung is partially fixed 
or compressed by a partially rigid thoracic wall With these changes there would 
be a relative shift of the mediastinum toward the affected side 

It seems quite ceitain that the electi ocardiogiaphic changes observed cannot be 
caused by lieait disease They are present to a lesser degiee in the great majority 
of the patients opeiated on foi cancer of the bieast as a lesult of the mastectomy 
alone These changes aie not suppoited by symptoms and signs of heart disease 

Unfortunatel 3 % theie are not adequate data from postmortem examinations on 
these patients to tell exactly what type of displacement of the heart occurs as a 
result of this form of treatment Piobably both displacement of the heart as a whole 
and lotation of the heart cause these changes From the experimental work pre- 
viously done to produce electrocardiogiaphic changes and because of the lack of 
consistent QRS changes, one cannot even theorize as to the altered conditions m 
the thoracic cavities of these patients with any degree of accuiacy It must be 
sufficient for the present to say that theie is obviously some altered relation of 
the heart to the nail of the chest, the diaphragm and the posterior muscle mass 
and that the conduction of the action current from the heart to these structures, 
on which the configuration of the electi ocaidiogram depends, has been changed 

CONCLUSIONS 

1 From a study of 84 patients with various types of neoplasms and 1 with 
tuberculosis of mediastinal lymph nodes who weie carefully observed to determine 
the effect of roentgen theiapy on the heart there is no evidence that the heart 
IS affected by roentgen radiation as used at present 

2 The depression of the blood pressure during and aftei loentgen therapy 
IS probably due to (1) insufficient nourishment, (2) anemia, (3) fever, (4) neo- 
plastic toxemia, (5) general radiation effect and (6) possibly absorption of split 
jirotein products 

3 A carotid sinus syndrome may be induced by cervical metastatic disease and 
will respond to the usual therapy 

4 Adhesive or constrictive peiicarditis may occur following severe radiation 
pleuropulmonitis complicated by infection 

5 Cardiac arrythmia when present may be expected to lespond to the usual 
therapy 

6 A sequence of changes is obsened in electi ocardiogiams made befoie, during 
and after roentgen therapy 



CLINICAL SIGNIFICANCE OF GLYCOGEN CONTENT 

OF LIVER 

MORTON KORENBERG, MD, CM 

MONTRLAL, CANADA 

The impoi lance of the concenti alion of glycogen in the livei m patients suftering 
fiom a vaiiety of clinical disturbances is generall} acknowledged In some instances 
glycogen impoverishment plays a greater lole than in others, but in no case 
IS a glycogen-poor livei without clinical significance, for there is no question that 
glycogen is one of the organism’s gieatest assets and that when impoverishment of 
this substance occui s a gi eat liability results It is thus obvious that a measure of 
tlie hepatic glycogen may be of real clinical significance Howevei, methods for 
quantitative measuiement of glycogen in vno still do not exist 

The purpose of this paper is to present an indirect procedure foi the quantitative 
estimation of hepatic glycogen “lescrve” and to indicate the significance of data 
obtained by this method in various clinical states 

There is ample evidence that a diminution of glycogen in the liver is probably 
the essential stimulus to the onset of ketone foimation by that organ A decrease 
in the glycogen content of the liver means that the amount of caiboh}drate available 
foi oxidation by the livei is reduced Theie is thus a deficient amount of carbo- 
hydrate available for the energ}" lequirements of the organ itself Since the liver 
IS much more active than any other tissue in the body, it must obtain energy from 
some souice othei than carbohidiate and it begins to use piotem and fat Hence 
a compensatory acceleration in the breakdown of fat and piotein occurs This 
increased breakdown of fat and protein then results in formation of ketone bodies 
and dextiose Acetone bodies are noimal products of fatty acid oxidation in the 
livei and they appear m excessive amounts in the blood stream only when their 
rate of pioduction exceeds their rate of oxidation by the tissues 

It IS evident that the rapidit) with which a liver may be depleted of glycogen is 
dependent to a gieat degree on the amount of glycogen piesent in that organ Hence 
a measure of the ability of the hvei to maintain its glycogen store should seive as 
an index of the lapidity with which acetone body foimation mai occui Thus, a 
deteimmation of hepatic glycogen reserve would seivc as a gage of the patient’s 
susceptibility to ketosis 

In 1853 Claude Bernard found that the blood flowmig fiom the liver of a fasting 
01 a meat-fed animal contained sugar, wdiile the blood entering that oigan contained 
none This led him to conclude that sugai is pioduced and secieted by the livei 
In 1857 Bernaid isolated glycogen fiom the livei, and demonstiated it to be the 
immediate piecuisor of the sugar liberated by this oigan Furthermore, he found 
that glycogen could aiise from noncaibohydrate souices Since that time it has 
been adequately demonstrated that the livei is the only oigan capable ot secieting 
sugar into the circulation and that its ability to maintain the blood sugar level suc- 
cessfully IS dependent on its glycogen content In the noiinal oiganism an excessive 
loss of sugai fiom the blood stieam wull stimulate the seuetion of sugai by the 

Portion of thesis submitted to the Graduate School of the Umversitj' of Cincinnati in 
partial fulfilment of the requirements foi the degree of Master of Science 

1 Mirsky, I A The Source of the Blood Acetone Resulting from the Administration 
of the Ketogenic Principle of the Anterioi H 3 'pophysis, Am J Physiol 115 424, 1936 

746 



KO REN BERG-GLYCOGEN C0NTEN7 OF LIVER 


747 


hvei and the blood stigai level will not change significantly - Howevei , if the hvei 
IS pool 111 glycogen it will not be able to compensate adequately foi the loss of 
sugar from the blood stream and hypoglycemia will lesult Fuithermore, if the 
hvei has a low glycogen content and uses this to compensate foi a loss of sugai 
from the blood, it will become fuither impoveiished and consequently will draw 
on fat and protein foi eneigy, with the formation of acetone bodies as one of its 
pioducts It IS thus obvious that when acetone bodies appeal m the blood stieam 
the hepatic glycogen has leached a minimal value 

These considei ations have enabled a proceduie to be devised whereby quantita- 
tive measurement of the gl3’^cogen content of the hvei m man is made possible If 
the renal threshold foi sugai is lowered by means of administration of phlorhizm, 
an inci eased dram on the blood sugar qnd thereby on the glycogen reserve of the 
hvei IS pioduced In instances in which the glycogen content is normal the loss 
of sugar fiom the blood stieam by way of the kidneys produces no significant 
change in the blood sugai level On the othei hand, in conditions in which the 
hepatic gl} cogen content is known to be inadequate the excietion of a similai amount 
ot sugar lesults in a definite diminution of the blood sugai In addition to the drop 
in blood sugar theie may develop simultaneously a ketonemia This serves as an 
index of hepatic glycogen impoverishment and suggests that the excreted sugar is 
all that the hvei contained 

Phloihizin IS a glucoside exti acted fiom the loot coitex of apple, cheiry, plum 
and pear trees On hydiolysis it yields dextrose and phloietm When phlorhizm 
or phloietm is administered pai enterally, it gives use to glycosuiia Phlorhizm 
pioduces a tempoiai} inhibition of leabsorption of sugai m the lenal tubules and 
peimits the sugai vhich is constantl} being filteied thiough the glomeruli to be 
excreted The excessive loss of sugai m the urine results m a rapid depletion of 
hepatic gh cogen just as occuis m hyperthyroidism and m insulin deficiency When 
the hepatic gh cogen is depleted m consequence of the loss of sugar from the blood, 
the oxidation of fat and protein is accelerated and an inci eased excretion of urinary 
nitrogen and acetone bodies ensues If the phloihizmized animal is fed adequate 
amounts of cai bohydi ate, there occui an immediate cessation of ketosis and a 
decrease m piotem metabolism^ 

PROcnnuRE 

This leport is based on the lesults obtained in a study of 155 subjects, of whom 89 were 
children and 66 were adults They were divided into three classes (1) normal, healthy 
persons, (2) patients with diabetes mellitus of various degrees of severity, (3) patients with 
hepatic disease (alcoholic or toxic hepatitis, cirrhosis, obstructne jaundice, hepatomegaly or 
metastatic disease of the liver) 

With the exception of the childien and of the adults suffering from hepatic dysfunction, 
each of the classes was divided into a group which received pretreatment with carbohydiate 
the evening before the test was performed, and another which received no pretreatment 

The children were divided into thiee groups (1) those receiving pretreatment the evening 
before the test, (2) those receiving pietreatment eaily m the morning ori the day of the 
test, (3) those receiving no pretreatment 

All adults suffering from hepatic dysfunction received pietreatment Diabetic patients were 
permitted to take insulin up to the day of the test In no case was insulin administered on the 
morning on which the test was perfoimed 


2 Soskin S Muscle Glycogen as a Source of Blood Sugar, Am T Physiol 81 382, 1927 
Soskin, S , Essex, H E , Herrick, J F , and Mann, F C The Mechanism of Regulation of 
the Blood Sugar by the Livei, ibid 124 558, 1938 

3 Chambers, W H , and Deuel, H J , Ji Metabolism of Glycerol m Phlorhizm Dia- 
betes, J Biol Chem 65 21, 1925 Deuel, H J , Jr , Ellis, H , Wilson, C, and Milhorat, A T 
On the Mechanism of Phloihizin Diabetes, ibid 74 205, 1927 Soskin, S , Levine, R , and 
Lehmann, W Utilization of Caibohydrate by the Plilorhizinized Dog, Proc Sor F-v-npr 
Biol & Med 39 442, 1938 ^ 
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Pretreatment with carbohydrate consisted of oral administration of orange juice and cane 
sugar in an amount sufficient to furnish 2 Gm of carbohydrate per kilogram of body weight 
In those instances in which pretreatment was given the evening before the test tins mixture 
was taken at 9 p m In those in which it w'as administered on the morning of the test it 
was given to the subject at 3 a m 

The procedure was as follows The subject was given his regular evening meal on the day 
before the test No food was allowed that night, with the exception of pretieatment when 
this was administered As already mentioned, one group of subjects received carbohydrate at 
9 p m on the evening before, while another group was given the orange juice-cane sugar 
mixture at 3 a m on the morning of the test Breakfast was omitted, and no food was 
permitted during the test, which was begun between 7 and 7 30 a m and lasted for six hours, 
however, water, tea or black coffee with saccharin was allowed ad libitum A sample of blood 
was drawn at the beginning and again at the end of the six hour period and was analyzed 
for sugar content by the Somogyi modification of the Shaffer-Hartmann method and for total 
ketones by a modification of the Van Slyke and Fitz method Immediately after drawing of 
the first blood sample, 1 Gm ot phlorhizin dissolved in tenth-normal sodium hydroxide 
solution was injected intravenously The subject then emptied his bladder completely Since 
the injected phlorhizin was excreted fairlj rapidly, it was found necessarj’^ to administer a 
second 1 Gm dose of phlorhizin intravenously at the end of three hours in order to maintain 
an adequate glycosuria The urine was collected during the six hour period, and the total 
amount of sugar excreted was determined As prcviouslj slated, a second sample of blood 
was drawn at the end of the six hour pciiod 


RESULIS 

The data obtained in this study are suinmaiized in tables 1 to 5 An analysis 
of the data may best be made as follows (1) changes m blood sugar, (2) 
glycosuria, (3) loss of sugai fiom the liver, (4) ketosis 


Table 1 — htflucuce of Phlofhtstn on the Hepatic Glycogen Reset ves of Normal Adults 






Initial 

Fall In 

Devtro'o 

Total 


Rise in 





Blood 

Blood 

E\crctod 

Decrease 

Loss 

Blood 





Sugar, 

Sugar, 

in 

in Free 

from 

Ketones 

Subject 



Weieht, 

Mg/ 

Mt, / 

Drmc, 

Sugar, 

Liver, 

Mg/ 

No 

Age 

So\ 

Ke 

100 Cc 

100 Cc 

Gm 

Mg /Kg 

Mg /Kg 

100 CC 




Dinner 

at 0 P 

51 Nothing 

Thercatlcr 



10 

24 

M 

82 0 

55 

11 

J1 0 

3J 

455 

0 

39 

32 

M 

70 3 

74 

1 

23 3 

3 

302 

0 

2 

32 

M 

70 3 

87 

14 

24 2 

42 

359 

0 

7 

45 

VI 

45 4 

65 

1 j 

10 9 

45 

285 

0 

8 

50 

JI 

71 

81 

1 

17 3 

3 

241 

0 

9 

41 

F 

51 

58 

1 

12 5 

3 

248 

0 

14 

63 

1 


99 

9 

17 4 



0 

15 

50 

r 


00 

0 

17 7 



0 

81 

29 

F 


84 

O 

17 



0 



Dinner 

at 0 P M 

, 2 Gm 

Carbohj (Irate i)cr Kg 

at 9 P VI 



94 

60 

M 

45 4 

88 

0 

14 0 

IS 

290 

0 

08 

44 

M 

74 0 

81 

7 

23 0 

21 

287 

0 

32 

00 

M 

00 

75 

1 

14 0 

12 

200 

0 

33 

00 

M 

60 

74 

1 

22 3 

3 

341 

0 

27 

19 

M 


19 

7 

16 0 



0 

34 

36 

M 


00 

4 

21 9 



0 

37 

49 

M 


03 

10 

20 1 



0 

38 

53 

M 


02 

18 

217 



0 

44 

37 

M 


90 

4 

20 6 



0 

46 

40 

M 


99 

9 




0 

50 

26 

M 


82 

0 

28 0 



0 

51 

27 

M 


70 

5 

20 0 



0 

150 

38 

M 

700 

88 

2 

04 

0 

85 

0 

91 

37 

F 

57 7 

87 

10 

16 5 

30 

239 

0 

41 

26 

F 

49 5 

61 

1 

22 0 

3 

437 

0 

40 

25 

F 


78 

0 

19 9 



0 


1 Changes in Blood Sugai — Table 6 summarizes the findings in the various 
groups It is obvious that the administration of carbohydrate to normal adults 
at 9 p m on the evening before had no significant influence on the changes in the 
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blood sugai consequent to admmistiation of phlorhizni The aveiage change in 
the blood sugai is lelatively insignificant and within the limits of experimental 
eri or 

In the adult diabetic gioup a pronounced drop in blood sugar level occurred 
iiiespective of whethei oi not the patients were pretreated with carbohydrate the 
night befoie Thus, uheieas in the normal group the blood sugar deci eased by 
3 pel -cent aftei admmistiation of phlorhizm, a deciease of 46 pei cent occurred 
m the diabetic groups 

The findings m noimal children differ decidedly from those in adults Ihus the 
nonpietieated gioup had a drop of 23 pei cent in the blood sugar level consequent 
to administration of phlorhizm, as compaied with a 5 per cent use in adults 
Furthermore, it is ot importance to note that the children given carbohydrate at 


Table 2 — Influence of Phlorhizm on Hepatic Glycogen Rcseives of Diabetic Adults 






Initial 

Fall in 

Dextrose 

Total 


Rise In 





Blood 

Blood 

Excreted 

Decrease 

Boss 

Blood 





Sugar, 

Sugar, 

in 

in Free 

from 

Ketones, 

Subject 



Weight, 

Mg/ 

Mg/ 

Urine, 

Sugar, 

Elver, 

Mg/ 

No 

Age 

Se\ 

Kg 

100 Cc 

100 Cc 

Gm 

Mg /Kg 

Mg /Kg 

100 Cc 




Dinner nt 0 P 

M Nothing 

Thereafter 



C9 

60 

M 

604 

151 

29 

28 0 

87 

335 

0 

17 

60 

M 

62 7 

42 

> 

96 

9 

144 

0 

18 

72 

M 

45 4 

102 

115 

18 6 

345 

68 

17 3 

21 

6o 

M 

44 5 

104 

52 

21 2 

156 

323 

12 6 

19 

17 

M 


210 

77 

42 5 



26 

21 

62 

11 


203 

103 

337 



3 1 

31 

47 

M 


204 

77 

43 4 



0 

3 

63 

M 


259 

159 

22 4 



13 4 

10 

02 

M 

72 

109 

102 

14 5 

306 


0 

73 

28 

r 

43 2 

89 

29 

10 

87 

283 

10 6 

1 

47 

F 

00 

84 

29 


87 


16 6 



Dinner 

at 0 P 

M , 2 Gm 

Carbohjdrato per Kg 

at 9 P M 



07 

63 

M 

48 0 

338 

202 

520 

606 

464 

23 5 

123 

24 

11 

52 3 

93 

9 

16 8 

27 

275 

0 

124 

61 

M 

55 5 

231 

94 

39 6 

282 

430 

0 

76 

45 

F 

78 2 

141 

33 

25 0 

99 

221 

0 

36 

22 

F 

47 2 

194 

103 

24 9 

324 

204 

63 

63 

62 

F 

71 1 

282 

112 

210 

336 

41 

0 

61 

52 

F 

45 6 

156 

47 

239 

141 

386 

0 

43 

51 

F 

52 3 

261 

161 

37 3 

483 

230 

13 7 

45 

50 

F 

508 

270 

171 

54 0 

513 

437 

98 

28 

17 

F 


121 

79 

22 0 



71 

53 

51 

F 


214 

117 

290 



0 

54 

52 

F 


218 

110 

28 0 



0 


Ppm had a smaller decrease in blood sugar, while those given carbohydrate at 
3am had no change 

The diabetic children all had a marked decrease in blood sugar This decrease 
IS much greater than that observed in the adult diabetic patients The administra- 
tion of carbohydrate the night before appears to have only a slight effect in inhibiting 
the decrease which follows administration of phlorhizm 

These data reveal that the diabetic subjects invariably showed a decrease in 
blood sugar concentration consequent to administration of phlorhizm Of interest 
IS the fact that the majority of these patients were under good clinical control as 
far as their diabetic status was concerned and that nevertheless great differences 
were noted as compared with the nondiabetic group 

Patients suffering from a variety of hepatic disturbances revealed a drop in blood 
sugar consequent to administration of phlorhizm even though the initial level was 
normal In this respect these patients behaved like normal children 

2 Glycosuria — The excretion of dextrose varies greatly from patient to patient 
and from group to group Reference to tables 1 to 5 clearly demonstrates not only 
that differences in body weight play a role in the variations in sugar excretion but 
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that age and clinical status aie impoitant factors In view of the man} vaiiables 
which deteimine the amount of sugar excreted consequent to administration of 
phlorhizin, no attempt to compai e the various groups on the basis of total dexti ose 
excretion will be made Generalizing, normal adults excreted appi oximatel} 
25 Gm in six hours, while normal children excreted approximately 10 Gm m 
six houis 

T'\ble 3 — Influence of Phlothtzm on Hepatic Glycogen Reset ves of Noitnal Children 






Initial 

Fall In 

Dextrose 

Total 


Hise in 





Blood 

Blood 

Lxcreted 

Decrease 

Loss 

Blood 





Sugar, 

Sugar, 

in 

In Free 

from 

Ketones, 

Subject 



Weight, 

mi 

mi 

Drine, 

Sugar, 

Liv or. 

JI8/ 

Xo 

Age 

Se\ 

Kg 

100 Cc 

100 Cc 

Gm 

Jig /Kg 

JIC /Kg 

100 Cc 




Dinner 

nt 0 P 

JI , Nothing 

Thcrenitcr 



136 

14 

JI 

43 0 

78 

12 

17 8 

SO 

372 

2 1 

137 

14 

M 

01 1 

77 

3 

194 

9 

349 

0 

188 

14 

M 

60 

90 

17 

238 

51 

425 

2 

139 

13 

U 

46 8 

117 

40 

22 5 

120 

301 

0 

140 

13 

iM 

382 

70 

18 

14 8 

54 

333 

101 

141 

IS 

M 

40 

74 

10 

14 

30 

320 

0 

142 

13 

51 

42 3 

82 

7 

24 

21 

540 

0 

143 

14 

M 

47 3 

84 

12 

23 9 

36 

409 

0 

78 

4 

M 

14 8 

71 

14 

9 

42 

500 

17 1 

80 

8 

JI 

25 5 

IIJB 

55 

10 

105 

227 

14 0 

83 

0 

r 

18 9 

77 

lu 

10 

30 

490 

99 

85 

12 

F 

63 0 

90 

23 

21 

69 

323 

00 

86 

11 5 

F 

33 6 

SO 

15 

14 

45 

381 

0 

87 

9 

F 

233 

89 

24 

11 

72 

422 

0 5 

74 

14 

F 

07 7 

SO 

25 

24 

75 

2S0 

0 



Dinner nt 0 P JI 

, 2 Gm 

Cnrhoh\drato per Kg 

nt 9 P JI 



57 

13 

JI 

62 3 

84 

5 

21 

15 

380 

0 

CO 

8 

JI 

25 

80 

11 

14 

83 

627 

0 

05 

11 

JI 

33 0 

85 

I 

15 

0 

440 

0 

98 

6 

JI 

191 

84 

0 

9 0 

18 

484 

7 

99 

10 

JI 

32 5 

87 

8 

112 

24 

382 

0 

100 

5 

JI 

SOD 

90 

23 

11 3 

09 

471 

8 

103 

IS 

JI 

39 0 

90 

3 

18 5 

9 

458 

22 

105 

14 

JI 

40 8 

81 

11 

15 6 

33 

304 

0 

100 

13 

JI 

614 

85 

17 

23 0 

61 

408 

0 

48 

12 

JI 

38 0 

81 

5 

15 8 

15 

425 

0 

92 

4 

JI 

14 7 

82 

2*1 

15 1 

09 

958 

13 3 

114 

5 

JI 

16 4 

87 

18 

10 4 

54 

580 

74 

56 

12 

F 

42 3 

73 

0 

19 

0 

449 

0 

89 

11 

F 

33 3 

01 

3 

18 7 

9 

553 

0 

00 

12 

F 

45 9 

85 

7 

271 

21 

509 

0 

97 

10 

F 

50 4 

91 

9 

21 1 

27 

392 

0 

101 

8 

F 

25 6 

95 

20 

10 4 

60 

582 

01 

107 

14 

F 

534 

70 

2 

20 6 

6 

392 

0 

108 

13 

F 

57 8 

73 

o 

10 3 

0 

270 

■> 

109 

11 

F 

30 

82 

IS 

12 0 

51 

SCO 

3 

no 

12 

F 

32 5 

88 

15 

19 8 

45 

501 

0 

112 

8 

F 

21 1 

70 

22 

93 

06 

375 

10 0 

113 

9 

F 

28 9 

82 

15 

11 8 

45 

303 

0 

117 

9 

F 

23 4 

90 

11 

13 4 

*>> 

539 

0 

118 

11 5 

F 

34 2 

82 

8 

10 4 

24 

456 

0 




Dinner nt 0 P JI , 2 

Gm Carbohjdrntc nt 3 A JI 



121 

12 

JI 

42 5 

49 

•’I 

17 9 

93 

514 

0 

122 

12 

JI 

38 

05 

13 

20 2 

39 

571 

0 

125 

13 

JI 

37 8 

80 

13 

171 

39 

413 

0 

126 

15 

JI 

49 5 

78 

0 

20 

0 

444 

0 

127 

10 

JI 

35 0 

75 

4 

16 

12 

437 

0 

128 

13 

JI 

509 

85 

10 

24 

30 

441 

0 

129 

10 

JI 

31 8 

S3 

9 

13 7 

27 

404 

0 

130 

9 

JI 

30 

77 

8 

16 3 

24 

480 

fl 

131 

9 

JI 

28 4 

80 

*1 

13 4 

15 

467 

0 

132 

9 

JI 

29 1 

71 

0 

13 0 

0 

167 

0 

134 

14 

JI 

47 7 

71 

11 

216 

33 

484 

0 

135 

13 

JI 

43 

68 

7 

18 6 

21 

453 

0 


3 Loss of Siigai pom the Live> — ^Anothei compai ison is permissible The 
dextrose that appears in the mine consequent to administration of phloihizin is 
excieted from the blood stream The siigai m the blood stream is in turn secieted 
by the liver, where it takes oiigin from the glycogen present in that oigan In 
order to compute what proportion of the excieted sugai has taken oiigin from 
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hepatic glycogen, it is necessaiy to take into account the over-all changes in the 
blood sugar 

In instances in which the blood sugar leveals no change, all the sugai that 
appeal s in the ui me must have come from the livei On the other hand, if the over- 


Table A— Influence of Phlotlnsin on the Hcpaftc Glycogen of DiabcUc Children 






Initial 

Pall In 

Devtrose 

Total 


Kise in 





Blood 

Blood 

E\creted 

Decrease 

Loss 

Blood 





Sugar, 

Sugar, 

in 

in Free 

from 

Ketones, 

Subject 



Weight, 

Me/ 

Mg/ 

Urine, 

Sugar, 

Liver, 

Mg / 

Kb 

Age 

ScK 

Kg 

100 Cc 

100 Cc 

Gm 

Mg /Kg 

Mg /Kg 

100 Cc 




Dinner at 6 P 

M , Nothing 

Thereafter 



<2 

16 

M 

51 4 

155 

101 

23 

303 

144 

35 


6 

r 

23 6 

107 

127 

11 

381 

85 

10 7 

S2 

10 

P 

386 

375 

273 

37 

819 

139 

33 

S4 

12 

F 

384 

246 

187 

39 

661 

455 

64 



Dinner 

at 6 P 

M , 2 Gm 

Carbohydrate per Kg 

at 9 P M 



52 

16 

M 

54 5 

303 

165 

63 

405 

691 

0 

5S 

7 

M 

286 

448 

192 

52 

676 

1,242 

16 

62 

15 

M 

47 7 

318 

249 

48 

747 

260 

0 

70 

11 

M 

32 7 

305 

178 

53 

534 

1,085 

73 

102 

16 

M 

47 8 

234 

175 

29 6 

626 

94 

0 

119 

11 

M 

318 

306 

245 

481 

735 

777 

78 

55 

15 

P 

39 5 

154 

87 

29 

261 

425 

0 

59 

10 

P 

281 

248 

149 

35 

447 

053 

115 

6i 

12 

P 

51 

301 

233 

74 

699 

1,175 

19 

03 

6 

P 


91 

46 

10 9 

135 

263 

37 

49 

14 

P 


100 

97 

24 2 

291 

182 

0 



Dinner 

at 6 P 

il , 2 Gni 

Oarbohydrale per Kg 

at 3 A M 



13S 

16 

M 

56 4 

392 

247 

98 3 

741 

1,002 

17 

144 

15 

M 

51 

343 

259 

57 5 

777 

350 

0 

146 

6 

M 

20 

306 

217 

24 9 

651 

694 

12 3 

149 

15 

M 

414 

420 

318 

59 6 

954 

483 

67 

152 

12 

M 

40 

292 

163 

49 4 

469 

776 

81 

145 

11 

P 

40 

477 

382 

46 7 

1,146 

0 

0 

148 

15 

F 

53 6 

461 

303 

92 3 

924 

798 

6 

151 

15 

P 

53 4 

652 

241 




11 2 

153 

16 

P 

566 

340 

196 

80 4 

688 

832 

0 

154 

15 

P 

618 

381 

307 

571 

921 

181 

0 

155 

15 

P 

43 9 

415 

319 

64 

957 

501 

0 


Table 5 — 

-Influence of Phloiluc 

VI on the Hepatic Glycogen Rescives 
Hepatic Dysfunction 

of Adults With 





Initial 

Pall in 

Dextrose 

Total 


Bise m 





Blood 

Blood 

Excreted 

Decrease 

Loss 

Blood 





Sugar, 

Sugar, 

m 

in Free 

from 

Ketones, 

Subject 



Weight, 

Mg/ 

Mg/ 

Urine, 

Sugar, 

Liver, 

Mg / 

No 

Ago 

Sex 

Kg 

100 Cc 

100 Cc 

Gm 

Mg /Kg 

Mg /Kg 

100 Cc 



Dinner 

at 0 P M 

, 2 Gm 

Carbohydrate per Kg 

at 9 P M 



13 

50 

M 

60 

65 

6 

16 3 

18 

290 

0 

20 

30 

M 

864 

77 

54 

10 

162 

997 

0 

12 

39 

M 

631 

85 

16 

18 9 

46 

255 

0 

4 

46 

M 


107 

38 

216 



89 

6 

41 

M 


82 

27 




0 

115 

43 

M 

73 0 

119 

28 

17 

84 

147 

0 

111 

19 

P 

60 

81 

12 

191 

36 

346 

0 

23 

30 

F 

50 

75 

30 

131 

90 

172 

77 

22 

26 

F 


63 

21 

10 3 



24 6 

95 

65 

M 

55 9 

89 

13 

18 3 

39 

288 

0 

26 

32 

M 


80 

31 

20 8 



0 

29 

50 

M 


62 

12 

75 



0 

30 

46 

M 


65 

23 

54 



0 

35 

42 

SI 


70 

18 

25 2 



0 

147 

38 

M 

68 4 

97 

14 

21 3 

42 

270 

0 

42 

68 

P 

51 8 

79 

13 

97 

39 

148 

0 


all change in blood sugar is a rise, it is obvious that less sugar has appeared m 
the urine than left the liver Hence, m order to determine how much sugar left the 
liver It IS necessary to compute the actual amount of sugar causing the rise m blood 
sugar concentration and to add that to the amount excieted m the urine If the 
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over-all change of the blood sugai shows a fall in level, the amount of sugar excreted 
in the urine is equal to the sum of that secreted by the liver and that coming from 
the blood in consequence of the decreased concentration of blood sugar 

In order to make these calculations it becomes essential to determine the 
significance of a change in the blood sugai in terms of the body as a whole 
Various values foi the mixing volume foi distiibution of sugai in the body aie 
to be found in the hteiature These vary tiom 18 to 50 pei cent of the total 
body weight A value of 30 pel cent has been found to appioximate closest to 
the true mixing volume (Daiiow, 1935, Blatheiwick, 1935) With this distiibution 
factor it becomes possible to compute a change in blood sugai m terms of milligrams 
of dextrose per kilogiam of body weight Thus, for example, the patient in case 2 
weighing 76 3 Kg, had a use of blood sugai of 14 mg per hundred cubic centi- 
meters at the end of the six hour interval This A\as calculated to mean a rise of 
014 mg per cubic centimeter of blood, or 42 mg of dextiose per kilogram 
of body weight, i e , 30 per cent of 1 Kg X 0 14 Since this patient excreted 
24 Gm of sugai during the experimental period, the excietion in the urine fiei 


T^dle 6 — Changes tit Blood Sugai tit the Various Groups 





Blood Sugar 



Pro 






treat 

Initial, 

Final, 

Per Cent of 

Group 

ment 

Mg per 100 Cc 

Mg per lOO Cc 

Change 

Normal adultb 

None 

74 

77 

+ 6 


At9 p m 

7’ 

60 

— 8 

A\erage 


7o 

7 > 

— 3 

Diabetic adults 

None 

164 

0’ 

-43 


AtO p m 

210 

m 

—SO 

4.\cragt 


187 

100 

-16 

Normal children 

None 

86 

06 

—20 


At 9 p in 

81 

74 

—12 


At 3 a m 

74 

7j 

+ 1 

Diabetic children 

None 

236 

01 

—73 


Atop in 

272 

118 

-60 


AtS a m 

332 

117 

-64 

Adults with hepatic djsfunctlon 

Ato p III 

81 

GO 

—28 


kilogram of body weight was 317 mg In view of the fact that the liver was 
responsible for the addition to the mixing volume of 42 mg of dextrose per kilo- 
gram, the total loss from the hvei was 42 -f- 317 mg of sugar per kilogram of 
body weight On the othei hand, the patient in case 82, weighing 38 6 Kg , showed 
a drop in blood sugar of 273 mg per hundred cubic centimeteis at the end of 
the experimental period This was calculated to mean a drop of 2 73 mg per 
cubic centimeter of blood, or 819 mg pei kilogram of body weight, i e , 30 per cent 
of 1 Kg X 2 73 Since this patient excreted 37 Gm of sugar during the six 
hour interval, the excretion in the urine was 958 mg per kilogram Thus the 
secretion of extra sugar by the liver during the experimental peiiod was 958 — 819 
or 139, mg of sugai per kilogram of body weight 

Computing the data as just outlined, it is possible to compare the different 
groups on the basis of the amount of extra dextiose secreted bv the hvei duiing 
the experimental period (table 7) 

It is of importance to emphasize that the figure designated as “loss of sugar 
from the liver” represents not the total amount of glycogenolysis but meiely the 
additional breakdown consequent to the inci eased excretion of sugar in the mine 
Thus it may be noted that the normal adults secreted from the liver an extra 49 mg 
per kilogram of body weight per hour A similar figure is obtained for the adult 
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diabetic group Although both gioups secieted the same amount of extra sugai 
from the liver during the experimental period, only the noimal group was able 
to maintain the blood sugar at its original level, the diabetic gioup had a decided 
drop in blood sugar concentration The obvious implication of this finding is 
that there was not enough glycogen present m the persons with diabetes to permit 
adequate maintenance of then blood sugar level In support of this view are the 
findings which will be discussed under the heading of ketosis 

Of interest is the observation that the rate of the extra glycogenolysis consequent 
to the increased glycuresis in the normal children was very lapid as compared with 
that of normal adults The livers of the noimal nonpretreated children secreted 
an average of approximately 100 mg of sugar per kilogiam more than the livers 
of the normal adults during the six hour period The administiation of cai bo- 
hydrate to children results in a greater availability of glycogen, as is indicated by 
the fact that glycuresis induces a still greatei loss fiom the livei while the blood 
sugar tends to fall little or not at all 


Table 7 — Loss of Dcxhosc fiom Ltvn and Development of Ketosis in Vaitous Groups 




Loss from 

Ketosis, 


Pre 

Liver, 

per Cent 

Group 

treatment 

Mg /Kg 

of Oases 

Normal adults 

None 

315 

0 


AtO p m 

2CS 

0 

Average 


292 

0 

Diabetic adults 

None 

230 

64 


Atop m 

299 

41 

Average 


265 

52 

Normal children 

None 

391 

53 


At 0 p m 

46S 

36 


At3 a m 

464 

0 

Diabetic children 

None 

206 

100 


Atop m 

621 

55 


At3 a m 

613 

65 

Adults with hepatic dysfunction 

AtO p m 

324 

19 


The diabetic children had a large secretion of extra sugar fiom the liver This 
demonstrates the ease with which it is possible to accelerate glycogenolysis in 
children 

Patients suffering from hepatic dysfunction likewise had a large secietioii of 
extra sugar from the liver These findings differ from those for diabetic adults in 
that here more glycogen is available in the liver and hence the amount of glycogen 
breakdown is greater 

This method of analysis permits a comparison between the gioups Howevei, 
the significance of the data becomes apparent only when they are correlated with the 
changes in blood sugar and the development of ketosis 

4 Ketosis — The data concerning the development of ketosis are detailed in 
tables 1 to 5 Since, as was pointed out in the introduction, ketosis develops 
only when the concentration of glycogen m the liver is at a minimum, it is not 
considered of importance at this point to discuss the actual amounts of ketone bodies 
developed during the experimental period For analytic purposes it is of greater 
interest to determine the percentage of cases in which ketosis developed, since the 
appearance of 1 mg of acetone bodies in the blood stream is as significant as is 
the appearance of a larger amount 

Reference to table 7 reveals that ketosis did not develop in the normal adults 
even though their hepatic glycogen stores weie deprived of the same amount of 
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sugar as were those of the diabetic adults Thus, when 292 mg of sugar per 
kilogram was removed from the livers of the normal adults ketosis did not 
develop, whereas after lemoval of 265 mg of sugar per kilogram of body weight 
from the livers of the diabetic adults, ketosis developed m 52 per cent of them 
It IS of inteiest to emphasise the fact that noimal children receiving dinner 
at 6 p m and no carbohydrate thereafter not only lost a greater amount of sugar 
from the liver during the expeiimental period than did normal adults and showed 
a fall in blood sugar but also had ketosis In 53 per cent of the children receiving 
no pretreatment ketosis developed On the other hand, when additional carbo- 
hydiate was admimsteied at 9 p m, more glycogen thus being made available, 
only 36 pei cent of these children revealed a ketonemia, while the group as a whole 
had a greatei loss of sugar from the liver and a smaller drop of blood sugar When 

Tabli: 8 — Relation Behveen Presence of Ketosis and Change in Sugat Content of 

Blood and of Liver 


Normnl ndults 

Diabetic adults 

Normal children given no pretreatment 
Normnl children protrented at 9 p m 
Normnl children pretreated at 3 n m 
Diabetic children given no protreatment 

Diabetic children pretrented 

Adults with hepatic djslunctlon 


■ Insignificant change In blood sugar 

■ No ketosis 

. 293 mg sugar per kilogram from liver 

( Marked fall In blood sugar 
Ketosis In 62 per cent of cases 
2C5 mg sugar per kilogram from liver 

f Moderate fall In blood sugar 
Ketosis In 63 per cent of cases 
391 mg sugar per kilogram from liver 

f Slight fall In blood sugar 
t Ketools In 30 per cent of cases 
( 4CS mg sugar per kilogram from liver 

No change In blood sugar 
No ketosis 

104 mg sugar per kilogram from liver 

Marked drop In blood sugar 
Ketosis In 100 per cent of cases 
200 mg sugar per kilogram from liver 

f Marked drop in blood sugar 
t Ketosis In 65 per cent of cases 
( 017 mg sugar per kilogram from liver 

f Marked drop In blood sugar 
i Ketosis in 19 per cent of cases 
t 821 mg sugar per kilogram from liver 


normal children leceived carbohidrate at 3 a in , ketosis did not develop, nor was 
there any drop in blood sugai 

The findings are entirely dilTeient in the group of diabetic children Those 
who leceived no extra carbohydrate secieted a relatively smaller amount of dextrose 
fiom the livei, and all of them revealed ketosis The administration of cai bo- 
hydrate to the diabetic children made available a greater amount of glycogen for 
subsequent breakdown, as indicated by the loss from the liver, and lesulted m a 
reduction m incidence of ketosis to 55 per cent 

The studies with the adult group suffering from vaiious hepatic dysfunctions 
leveal that ketosis developed m 19 per cent of the patients at the same tune that 
a drop in blood sugar and an increase m glycogenolysis occuiied 

A clearer picture of our findings becomes apparent when the different groups 
aie compared m terms of all the data, as m table 8 

COMMENT 

Although opinions differ as to the exact mechanism responsible for the 
syndrome of diabetes melhtus, unanimity exists with regard to the fact that in 
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this condition the hepatic glycogen is deci eased When the glycogen falls to a 
certain minimal level, oxidation of fat is accelerated and ketosis ensues Since 
ketosis IS the major factoi lesponsible for the development of diabetic coma, it is 
obvious that any measuie of the susceptibility to ketosis can serve also as an index 
of susceptibility to coma Since the latter is really the most important single factor 
indicative of seventy of diabetes, it is obvious that the aforementioned “measure” 
would seive also as an index of diabetic severity 

If excietion of sugai via the kidneys is accelerated, the blood sugar will lemain 
level so long as an adequate amount of glycogen is present m the liver If an adequate 
amount of gl 3 ’^cogen is not present m that organ, the blood sugar will fall until the 
rate of hepatic secretion is equal to the rate at which sugar is lost from the blood 
stieam Thus a measuie of the glycogen reserve of the liver may be obtained 

It maj' be argued that the extra dextrose which is excreted in the urine conse- 
quent to administration of phlorhizm may be due to gluconeogenesis In ordei 
to obviate this criticism, an expeiiment was perfoimed in which the hourly excie- 
tion of nitrogen was studied before and aftei the injection of phloihizin No 
change whatsoevei occmied in nitiogen excietion, even though an increased 
glycuiesis took place 

The fact that with the same loss of sugai fiom the hvei ketosis developed m the 
diabetic adult group hut not m the noimal adult group suggests strongly that the 
glycogen reserves of the peisons with diabetes weie inadequate at the outset of 
the study It is apparent that the administration of phlorhizm pioduces an effect 
similai to that ^yhlch an) other glycogenolytic agent would induce That is to say, 
administration of this glucoside permits one to measuie the capacity of the liver 
to letain carboh 3 '-drate iii amounts sufficient to prevent ketogenesis and indicates 
the couise of events which might ensue consequent to the development of an infec- 
tion or othei glycogenotytic stimulus 

The clinical consensus is that children aie moie susceptible to the development 
ot ketosis than are adults The present stud 3 ^ provides quantitative evidence to 
substantiate this clinical impression It was found that normal children secrete 
relatively large amounts of carbohydrate and have a drop m blood sugar and a 
use m blood acetone bodies when excretion of sugai is induced That this is 
dependent on gliTOgen reserve is definitety indicated b3^ the fact that in our experi- 
ments administration of extra carbohydrate at 9 p m or at 3 a m resulted in a 
decreasing ketosis and an mhiliition of the tendency toward development of hypo- 
gtycemia (tables 6 and 7) 

Not only is the glycogenolytic rate gieatei m the normal child than in the adult, 
but it IS still furthei increased m the diabetic child, which indicates a still greatei 
susceptibility to ketosis This may account for the fact that diabetic children aie 
so susceptible to coma and that their diabetic condition is relatively severe For, 
starting with an equal concenti ation of gtycogen m the liver, the child will lose 
this gl 3 cogen at a faster rate than the adult, and if diabetes or an infection super- 
venes, the tendency to ketosis is further augmented 

Of interest is the obseivation that the younger the child the greater is his 
susceptibility to ketosis However, the number of cases available for anatysis are 
too few to permit statistical consideration 

In view of the preceding observations, it may be possible that the methods out- 
lined in this thesis can be utilized for categorizing the severity of diabetes m 
individual patients, since with a given loss of glycogen from the liver differences m 
susceptibility to ketosis and m the drop in blood sugar may be noted m these 
patients Furthermore, it may be possible to employ this procedure to determine 
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the presence oi absence of latent diabetes For example, Mrs N L , mother of 
a diabetic child, had a fasting blood sugar of 89 mg per hundred cubic centimeters 
and no fasting glycosuria Six hours after administration of phlorhizin the sugar 
content of the blood fell to 60 mg per hundred cubic centimeters and 10 5 mg 
of acetone bodies pei bundled cubic centimeters appeared Calculation revealed 
that 283 mg per kilogram of extra dextrose was secreted by the hvei during the 
six hour interval Since a normal patient would secrete a similar amount of sugar 
without the development of ketosis or h)'poglycemia, it is obvious that this patient 
has a hepatic glycogen impoverishment Of course it is possible that m such 
instances one is dealing not with latent diabetes melhtus but with some other 
hepatic dysfunction The presence of other stigmas of hepatic dysfunction should 
determine the diagnosis 

The fact that patients suffering from disturbances of the liver tend to retain 
lelatively small amounts of gl 3 ^cogen is demonstrated m these studies, which also 
lend support to the evidence obtained m experiments on lower species that gtyco- 
genesis and glycogenolysis are disturbed m diseases involving the liver 

SUMMARY AND CONCLUSIONS 

Administiation of phloihizm and the consequent glycosuria lesult m removal 
of circulating sugar In conditions m which the glycogen reserve of the liver is 
adequate the blood sugar remains relatnely constant In conditions m which the 
glycogen reserve is inadequate the blood sugai level drops and ketosis may develop 
The study reveals that diabetic adults do not retain carbohydrate m their livers 
to the same degree as do normal adults and that removal of relatively small amounts 
of sugar from their blood stream results m a further deprivation of liver gl}cogeii, 
with consequent development of hypoglj'cemia and ketosis 

Children cannot letain carboh)'drate to the same degree as do adults, because 
of an apparent increased rate of glycogenolysis This is true not only for diabetic 
children but for normal children and accounts for their susceptibility to ketosis 
Administration of carbohydrate to normal children results m a greater deposition 
of glycogen in the liver, so that their reserve is increased and their susceptibility 
to ketosis decreased 

Patients suffering from hepatic d 3 'sfunction have an inadequate glycogen reserve 
The possibility is suggested that the method outlined ma 3 '- be of value in 
categorizing diabetic severit 3 
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Profound circulatory changes occui in both piimary and secondary anemia 

With a decrease in the hemoglobin content of the blood the output of the heart 
IS increased ^ This is the outstanding compensatory mechanism for the loss of 
oxygen-carrying powei of the blood The cardiac rate is also increased m anemia " 
Although the cardiac acceleration is moderate, rarely more than 120 per minute, it 
results in a certain increase in cardiac output This increase in minute volume 
output IS due, likewise, in part, to lowering of the viscosity of the blood Never- 
theless, the increased cardiac output observed in anemia is due mainly to the 
increased systolic output of the heart This increase m cardiac output is directly 
proportional to the decrease in hemoglobin content of the blood A 200 per cent 
and a 300 per cent increase are reported to occur with hemoglobin levels of 30 per 
cent and 20 per cent respectively, the cardiac output being normal when the 
hemoglobin content of the blood is 50 per cent or more 

Reasons for this augmented cardiac output in anemia have been given In 
blood with a 100 per cent hemoglobin content, 5 5 of the 18 volumes of oxygen 
is utilized by the tissues If only 5 5 volumes of oxygen should be available 
(corresponding to a hemoglobin of 30 per cent), there being no reserve, the oxygen 
pressure would fall to zero (which occurs only in death) unless some compensatory 
mechanism intervened In this event, the patient would be incapable of muscular 
effort In carbon monoxide poisoning coma oi death follows when only 30 pei 
cent of free hemoglobin remains, the gas being harmful only so far as it prevents 
oxygenation by combining with the hemoglobin 

Considering the chronicity of pernicious anemia, some mechanism of compensat- 
ing for the deficit of hemoglobin and the resultant decrease in oxygenation must 
exist The increased cardiac output represents this compensatory mechanism The 

1 (a) Plesch, J Hamodynamische Studien, Ztschr f exper Path u Therap 6 380, 

1909 (&) Dautrebande, L Le debit cardiaque dans I’anemie, Compt rend Soc de biol 93 

1029, 1925 (c) Fahr, G , and Ronzone, E Circulatory Compensation for Deficient Oxygen 

Carrying Capacity of the Blood in Severe Anemias, Arch Int Med 29 331 (March) 1922 

2 (a) Bouchut, L, and Froment, R Les gros coeurs par anoxemie. Arch d mal du 

coeur 27 325, 1934 (b) Pickering, G W, and Wayne, E J Observations on Angina Pectoris 

and Intermittent Claudication m Anemia, Clin Sc 1 305, 1934 (c) Zimmermann, O Angina 

pectoris bei schweren Anamien, Klin Wchnschr 14 847 and 922, 1935 (d) Bloch, C 

Herzbeschwerden und Elektrokardiogrammbefunde bei Anaemie, Acta med Scandinav 93 
543, 1938 

3 (a) Liljestrand, G, and Stenstrom, N Clinical Studies on the Work of the Heart 

During Rest II The Influence of Variations in the Hemoglobin Content on the Blood Flow, 
Acta med Scandinav 63 130, 1926 (b) Richards, D W, Jr, and Strauss, M L Circulatory 
Adjustment m Anemia, J Clm Investigation 5*161, 1928 (c) Stewart, H J , Crane, N F, 

and Deitrick, J E Studies of the Circulation in Pernicious Anemia, ibid 16 431, I 937 ’ 
(d) Dautrebande ib 
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fewei eiythiocytes, by moving with inci eased velocity, make their oxygen-cai lying 
capacity more frequently available This mechanism is essential foi the satisfacton 
oxygenation of tissue m the presence of a definitely lowered hemoglobin content 
of the blood It leads to changes m the heait 

Cardiac hypertrophy fiequent and marked, has often resulted from anemia 
pioduced by hemolysis*^" Cardiac enlargement in anemia, without othei etiologic 
basis, has been repeatedly obseived ^ The laigest heait weighed 710 Gm ® The 
hypertrophy usually involves the two ventricles equally, the heart being sym- 
metrically enlaiged-" Such compensation may be transitory If the blood 
improves, the heait retuins to normal With a seveie, prolonged anemia the 
deficit becomes chionic and the hypertrophy persists Decreased oxygenation of 
the myocardium may then become a factor m ])iovoking failure of the enlarged 
heart Absence of cardiac hypertiophy in an anemia of moderate degree is best 
explained by the fact that the caidiac output is not appieciablj augmented until 
the hemoglobin falls below 50 pei cent, the organism functioning satisfactoi ily so 
long as the quantity of hemoglohin is not i educed inoie than one half 

At low hemoglobin levels the stioke volume, the minute \olume output, the 
caidiac late and the oxygen consumption are increased The arm to tongue ciicula- 
tion time is decreased With a rise in the hemoglobin content of the blood these 
changes aie reversed A use of systolic and diastolic blood pressure also occurs 
In spite of the fact that the shoitened circulation time, increased cardiac output, 
decreased hemoglobin and increased oxj'gen consumption are so i elated that an 
organ aJieady w'orkmg at an acceleiated rate is put to the added disadvantage of 
maintaining a ciiculation sufficient foi the reqimements of an inci eased basal 
metabolic late, some believe (1) that left \entriculai woik, pei beat and per 
minute, is not incieased in anemia, (2) that the woik pei beat is actually less than 
wdien the hemoglobin concentiation is normal, (3) that the heart in anemia, at rest 
and without congestive failuie, mechanicall} jieifoims, commensui atel} with its 
size, the wmrk to be expected of it It appears that the enlarged heait of anemia is 
due to anoxemia rather than to increased cardiac w'ork 

Strumpell,® in 1886, lecognized palpitation as one of the first symptoms of seveie 
anemia, that breathing was huiiied due to a tcehng of air hunger and shoitness of 
bieath and that a feeling of oppression m the breast w^as chaiacteristic The 
piolonged delay in the recognition of the occuiience of angina in anemia seems 
surprising’^ Herrick’s® discussion of 150,” 111,’” 75,” 628.’' 127,’® 127,’’’ 148,’’ 
117’” and 20” cases of liernicious anemia lecently leijoited in wdnch the authors 
made no mention of angina is interesting 

4 (a) Goldstein, B , and Boas, E P Functional Diastolic Alurinurs and Cardiac 
Enlargement in Severe Anemias, Arch Int Afed 39 226 (Feb ) 1927 (5) Ball D Change 
m the Size of the Heart in Severe Anemia with Report of a Case, Am Heart J 6 517, 1931 
{c) Ellis, L B The Effect of Severe Anemia on the Heait and Circulation, J Clin In^estl- 
gation 14 715, 1935 

5 Cabot, R C Facts on the Heart, Philadelphia, W B Saunders Company, 1926 

6 von Strumpell, A Lehrbuch der speziellen Pathologic iind Therapie der inneren 
Krankheiten fur Studieiende und Aerzte, eds 23 and 24, Leipzig, F C W Vogel, 1922, vol 2 

7 Herrick, J B, and Nuzum, F R Angina Pectoris Clinical Experience nith Two 
Hundred Cases, J A Al A 70 67 (Jan 12) 1918 

8 Herrick, J B On the Combination of Angina Pectoris and Severe Anemia, Am Heart 
J 2 351, 1927 

9 Levine, S A , and Ladd, W S Pernicious Anemia A Clinical Studv of One Hundred 
and Fifty Consecutive Cases with Special Reference to Gastric Anaciditj', Bull Johns Hopkins 
Hosp 32 254, 1921 
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Long ago Heiiick said that “blood of poor quality going through somewhat 
nairo\\ed coionary arteries, might favor, on slight provocation, the development 
of an anginal attack ” The occuiience of angina in anemia ^ has been lepeatedly 
confirmed^® The lelative infrequency of this syndiome has, likewise, been con- 
firmed Comparatively few patients with angina are found in the many large 
series of cases of pernicious anemia investigated Many single case reports appear 
in the literature 

The anemic patient may experience dyspnea, dizziness, angina oi claudication 
With scleiosis of the coionary oi limb aiteries, activity may piovoke angina oi 
claudication Without these symptoms, dyspnea or dizziness may develop 
Dyspnea or dizziness may so limit the patient’s activity as to pi event the occurrence 

10 Willson, C R, and Evans, FA An Analysis of the Clinical Histones of Patients 
with Pernicious Anemia in the Johns Hopkins Hospital from 1918-1922 inclusive, Bull Johns 
Hopkins Hosp 35 38, 1924 

11 Campbell, J M H , and Conybeare, J J Addison’s Anaemia A Study of Seventy- 
Five Cases, with Some Remarks on the Pathology, Guy’s Hosp Rep 72 265, 1922 

12 Giffin, H Z, and Bowler, J P Diseases Which Alay Be Associated with Pernicious 
Anemia, Minnesota M J 6 13, 1923 

13 Braun, L Ueber Angina pectoris, Wien khn Wchnschr 39 265 and 305, 1926 

14 Rohner, F J Pernicious Anemia A Study of One Hundred and Twenty-Seven 
Cases, Iowa State AI Soc 12 216, 1922 

15 Carr, J G Pernicious Anemia A Study of One Hundred and Forty-Eight Cases, 
Am J M Sc 160 737, 1920 

16 Panton, P N , Maitland-Jones, A G, and Riddoch, G Peinicious Anemia An 
Analysis of One Hundred and Seventeen Cases, Lancet 1 274, 1923 

17 Reid, W D The Heart in Pernicious Anemia, J A M A 80 534 (Feb 24) 1923 

18 (c) Coombs, C F A Note on the Cardiac Symptoms of Pernicious Anemia, with 

Particular Reference to Cardiac Pain, Brit M J 2 185, 1926 (fc) Keefer, C S , and Resnik, 
W H Angina Pectoris A Syndrome Caused by Anoxemia of the Myocardium, Arch Int 
Aled 41 769 (June) 1928 (c) Reichel, J Beitrage zur Kenntnis der perniziosen Anamie 

und der akuten Leukamien, Wien Arch f inn Med 19 241, 1929 , abstracted, JAMA 

94 756 (March 8) 1930 (</) Porter, W B The Association of Angina Pectoris and 

Anemia, Virginia M Monthly 58 806, 1932 (c) Wilkinson, J F Diseases Associated with 

Pernicious Anemia Study of Three Hundred and Seventy Cases, Quait J Med 6 281, 1933 
(/) Hochrein, M , and Matthes, K Anamie und Angina pectoris, Deutsches Arch f khn 
Med 177 1, 1934 (p) Paschkis, K Anamie und Angina pectoris, Khn Wchnschr 13 

767, 1934 (/i) Bloch, C Angina pectoris und Anamie, Wien Arch f inn Med 26 143, 1934, 

(i) footnote 2d (;) Hunter, W The Nervous and Mental Disorders of Severe Anemias 
in Relation to Then Infective Lesions and Blood Changes, Proc Roy Soc Med 16 1, 1922 
{k) Sturgis, C C Angina Pectoris as a Complication in Myxedema and Exophthalmic 
Goiter, Boston M & S J 195 351, 1926 (/) Conner, L A , in discussion on Herrick, J B 

Combination of Angina Pectoris and Severe Anemia, Tr A Am Physicians 42 23, 1927 

(ot) Levine, S A, m discussion on Heirick, J B Combination of Angina Pectoris and 

Severe Anemia, ibid 42 23, 1927 («) Carey, J B Pernicious Anemia with Fatal Termina- 

tion During a Liver Diet Report of Three Cases, Arch Int Med 47 893 (June) 1931 
(o) Witts, L J Chronic Microcytic Anemia, Brit M J 2 883, 1931 (/>) Gwyn, N B 

On the Angina Pectoris Occurring in the Course of Certain Anemias, Canad M A J 26 26, 
1932 (g) Elhott, A H Anemia as the Cause of Angina Pectoris in the Presence of Health}' 

Coronary Arteries and Aorta Report of Case, Am J M Sc 187 185, 1934 (?) Beach, 

C H Anginal Symptoms Associated with Certain Constitutional Diseases, J A M a’ 
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of angina oi claudication In other patients, these symptoms being less readily 
induced, exercise lesults m angina or claudication, even in the absence of local 
vascular disease 

The hypothesis of relative myocardial ischemia as the cause of pain in angina, 
considered by Jennei,-- Parry*® and later by Allan Buins®^ and MacKenzie,®® 
has been levived Recent evidence indicates that the pam of angina and 
claudication are due to a similar mechanism , a stimulation of nerve endings in 
the tissue spaces of the active muscles by a chemical or physicochemical change, 
fdctoi P, representing the accumulation of products formed during musculai con- 
traction and oidmarily removed by oxidation The increased circulation rale 
(decreased circulation time) generally accepted as occurring m anemia® is not 
accompanied by an increased flow through the limbs In fact, during conti action, 
the blood flow thi ough a muscle is reduced, owing to compression of blood vessels 
A great increase m blood flow occurs soon after contracticn, thereby pioviding 
a supply of oxyhemoglobin adequate to remove “factor P” very quickly, even in 
the anemic state Claudication in anemia has been observed In a series of 
25 cases of severe anemia, 6 of the 7 patients with claudication were free fiom 
attacks after control of their anemia Claudication occurred once in our series 
and was lelieved by control of the anemia Cardiac hypertrophy may be a factor 
m the production of myocardial ischemia Anemia predisposes to coronary 
inadequacy during exertion ®° 

A change in the heart rate occurs in anemia ® The pam of angina has been 
closely related to a rise in cardiac rate with its associated increased energ) 
expenditure of the heart This rise m pulse rate after exercise is greater in 
the anemic than in the nonanemic state Changes m blood pressure occui in 
anemia, the pressure, befoie and after exeicise, often being reduced®^ The 
coronary circulation is decreased considerabl> by such a fall in the mean arterial 
pressure ®® 

The deciease in the supply of oxygen explains the coronar} insufficiency 
occurring in anemia and m carbon monoxide poisoning ®® Angina in methemo- 

22 Jenner, E, cited b\ Fulton F T Coionarv Artcr}’ Disease A Historical Sketch, 
Ann Int Med 11 1433, 1938 

23 Parr)', C H Inquiry into the S)niptoms and Causes of the S\ncopa Anginosa, Com- 
mon]) Called Angina Pectoris, London, Cadell & Da\ies, 1799 

24 Burns, A Observation of Some of the Most Frequent and Important Diseases of the 
Heart, Edinburgh, James Muirhead, 1809 

25 MacKenzie, J Diseases of the Heart, London, Oxford Unnersit) Press, 1908 

26 (fl) Lewis, T , Pickering, G W, and Rothschild, P Obser^atlons upon Muscular 

Pam in Intermittent Claudication, Heart 15 359, 1931 (6) Rothschild, M A, and Kissin, M 
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(c) Wayne, E J , and LaPlace, L B Observations on Angina of Effort CIm Sc 1 103, 
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Anoxemia, J Clin Investigation 13 37, 1934 Pickering and Wa)ne-'* 

27 Hewlett, A W , and Van ^w'aluwenburg, J G The Rate of Blood Flow in the Arm, 
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on the Blood Flow in the Hands (Mainly) in Cases of Anemia, J Exper Med 18 113, 1913 
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globniemia, fiom benzene poisoning, diagnosed as heait disease has been reported 
That a severe anemia may inaugurate an angina, paiticularly in the presence of an 
existing 01 game disturbance of the coronary circulation, is recognized Angina may 
occur in any kind of organic heait disease coincidentally with anemic fluctuations 
The impiovement oi complete cessation of angina following tiansfusion,^® or anti- 
anemic theiapy,'*® has been recorded In a woman with primaiy and in one with 
secondary anemia, angina i\as so seveie that they sought tieatment for that reason 
only-® The angina was leheved with contiol of the disease of the blood Five 
cases of angina in anemia with normal coronary arteiies have been described®' 
In most instances angina occuis only when theie is some associated coronaiy 
disease By lowering the oxygen supply to the heait still further, the anemia 
leveals, clinically, a peimanent limitation of coionaiy blood flow unsuspected 
undei 01 dinary cii cumstances Many doubt that anemia will initiate an attack 
of angina without some background of coronar}’^ disease, insisting that marked 
anoxemia does not produce angina if the coronaiy aiteiies are functionally and 
organically sound Angina m youth is rare 

Some believe that an increased vagal tonus alone may cause disturbance in 
the coronaiy ciiculation and that this vagotonia, as well as coionary disease, may 
initiate angina In coronaiy scleiosis a use in tonus may be due to vasomotor 
factois®® The lesults of lumbai sympathectomy for claudication support this 
view Thus the cai diovasculai manifestations may not be due entirely to anemia 
with Its lesultant myocaidial anoxemia^® Caidiac complaints, including angina, 
ma} be entiiely absent in a foim of heait disease piedisposed to angina, even in 
the piesence of a severe anemia with necropsy evidence of marked myocardial 
change due to the anemia A man of 64 years with a hemoglobin reading of 30 
pel cent never experienced angina, m spite of extensive coronary sclerosis found 
at necropsy A full, eneigetic and piolonged life may be enjoyed m spite of severe 
anemia 

Repoits of 5 5 pei cent of 3,400 patients observed ovei a period of 20 years and 
3 45 per cent of 4,000 who came to autopsy ° probably express the true percentage 
incidence of angina in oldei people Disagieement exists as to the frequency of 
occurrence of angina in anemia Reports of 8 instances in 25 cases,®’’ 8 m 36,^®" 
3 in 370,’®® 13 m 140’®’’ and 43 in 1,560®’ aie i epresentative of the variation in 
the leported incidence of angina in anemia In a lepoit of 113 cases of primary and 
327 of secondary anemia, along with 297 cases of angina pectoris, the instances of 
anemia comprised 1 7 per cent of the cases of angina pectoris ’®’^ 

Severe anemia does not occui often in youth Usually it is due to sudden loss 
of Idood from injury or abortion which confines the patient to bed, the effects of 
exei tion being avoided Pernicious anemia occui s latei in life In 500 cases 

34 Schilling, V Die Wechselbeziehungen von Atmung und Kreislauf, Leipzig, Theodor 
Steinkopff, 1935 
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of angina due to uncomplicated arteiioscleiosis the average age of the patients was 
65/^ wheieas in senes of cases of angina associated with anemia the average ages 
were from 42 3 to 53 5 years Among persons with the angina of organic Iieart 
disease theie is a piedominance of males, onl}^ 25 pei cent of 500 patients being 
females'*- This is not tiue of the angina of anemia Of 250 patients, 85 with 
pninaiy and 165 with secondaiy anemia. 82 were males and 168 females, and of 
the 18 having angina, 5 weie men and 13 women Of 43 patients with angina 
among 1,560 anemic patients, 27 rveie males and 16 w^ere females Ol oui 
300 patients with pernicious anemia, 163 w^eie males and 137 females No direct 
lelationship exists between the se\enly of the anemia and the appeal ance of 
angina Although angina usually occurs w'lth hemoglobin levels of 30 to 40 
pel cent, nevei theless, in a group of 250 cases 27 of the patients wnth the most 
severe anemia (20 having a Sahh reading under 20 pei cent and 22 with an eiythio- 
cyte count below 1,000,000) had no angina-*^ Tlie moitahty of anemic patients 
with angina is low, 1 in 13,*®'* 1 m 43,®“ 2 in 4 primai}' and 2 in 12 secondar} 
anemias-'^ Contrasting shaiply wnth this, 213 of 500 patients with angina of 
uncomplicated heart disease died wnthin 4 4 yeais 

There is a great possibility of error m attempting to segiegate patients with 
anemia having caidiovasculai involvement Low' moitality and lack of neciopsies 
interfere with the lead} exclusion of organic caidio\ascular disease in patients 
with pernicious anemia wdio have angina Statistical studies are undependable 
Angina is fiequently not lecorded oi not inquiied about by the examiner 

Other cardiovascular complaints are more common than angina and claudica- 
tion They aie not restiicted to ain type of anemia and are not related to the 
seventy of the anemia With dyspnea, an enlarged heart and murmurs the 
disease frequently gnes the appearance of heait disease In 10 of 36 cases of 
anemia, the initial diagnosis w'as heart disease, 6 patients w'ere elderly pei sons 
vith angina oi dyspnea and edema*®" Other instances of anemia, mistaken for 
pnmaiy heait disease, ha^e been leported 

In this stud} an outspoken relationship w'as noted between cardiovascular 
complaints and the disease of the blood With improrement in the condition 
of the blood the cardiovasculai manifestations lessened Anemia may bring out 
cardiac symptoms in a patient vith inA^olvement of the heait In 4 of the 6 patients 
with initial stenosis, symptoms fiist developed w'lth the onset of anemia With 
impiovement of the blood pictuie, 2 of these were relieved In the present senes, 
the occurrence of cardiovascular symptoms and findings w'lth hematologic decompen- 
sation and their disappearance following treatment oi duiing a remission are 
sti iking Since angina oi any othei caidiovasculai symptom may be the initial 
or outstanding evidence of seveie disease of the blood,^® these manifestations 
even when accompanied by such giaphic changes as low voltage, displacement of 
the ST interval or even definite flattening of the T w'ave, do not necessaril} mean 
piimaiv heait disease All these signs, the usual ciiteria of pi unary cardiovasculai 
disease, may occui solely as the lesult of sei'ere anemia Hematologic examination 
is the only dependable means of diflei entiation It is important in angina to rule 
out anemia as a deteimming or contributing factoi, especially if the angina is 

42 White, P D , and Bland, E F A Furthei Report on the Prognosis of Angina Pectoris 
and of Coronary Thrombosis A Study of Five Hundred Cases of the Former Condition aiu 
of Two Hundred of the Latter, Am Heart J 7 1, 1931 
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associated with palpitation, d}spnea, enlaigcd heait, systolic nniiiniii, low arteiial 
piessnre, edema or urobilinogenui la If anemia is piesent a theiapeulic test may be 
necessai} to deteimine its role m the production of cardiac symptoms 

With acute anoxemia a known cause of such a vaiiety of changes in the electio- 
caidiogiam, it is suipiising that so few gia])hic changes have been leported in 
severe anemia With “tigei heart” common]} lesultmg fiom long-standing anemia 
and with the anemic heart behaving clinically as though myocaiditis vere piesent, 
this lack of giapbic evidence is surprising^'’ In 20,’' 113,’^^ 12®’ and 15'’’' cases 
ot pernicious anemia significant giaphic changes veie not lecoided 

Conduction defects icsulting fiom anemia have long been lecognizcd In 
2 of 10 patients seveiely ill with anemia, the PR inteival vas abnoimally pio- 
longed It returned to within noimal limits aftei coirection of the anemia (from 
0 265 second duration Avilh hemoglobin of 33 per cent to 0 19 second with hemo- 
globin ot 97 per cent and fiom 0 205 second duiation with hemoglobin of 38 pei 
cent to 0 145 second vith hemoglobin of 110 pei cent) Othei giaphic changes 
111 anemia have been reported Displacement of the ST mteival simulating that 

Table 1 — Disiubutton of Patients Accoidnig to 4f;c and to Piaciuc of Catdiovascnlai 
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of coronal y occlusion has been desciibed Many have desciibed T waves of low 
amplitude,”’ displacement of the ST interval,"’- and low voltage in anemia, 
with and without®'’ appaient heait disease 


PERSONAL OBSERVATIONS 

Inconsistencies in the reported incidence of angina in anemia led us to deteurune 
Its incidence in a laige senes of patients The othei symptoms and findings 
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(dyspnea, caidiac enlargement and edema) so o^ershadowed oui original interest 
that the}'^ demanded major consideiation 

We leviewed the histones of 300 authenticated cases of pernicious anemia 
fiom the standpoint of cai diovascular symptoms and findings (table 1) There 
weie 257 Avith and 43 without cai diovascular manifestations There weie 298 
white (99 pel cent) and 2 Negro (1 pei cent) patients, 163 men (54 per 
cent) and 137 women (46 pei cent) Sevcnt)-four (25 pei cent) of the patients 
died, and neciopsy was performed on 6 (2 pei cent) No attempt was made to 
segiegate those having primary cai due disease when the patients weie classified 
according to the presence of caidiovasculai manifestations The incidence of 
laiious symptoms and findings in our 300 patients is shown in table 2 Of tlie 79 


Tabie 2 — Symptoms aud Fmdmqs of Otqamc Ilcait Disease 
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Number of 
Cases 

Per Cent 

Antina 

S 

1 

Ihi'-al rail s 

21 

7 

Precordial pun (nonaiifeinal) 

JS 

12 

I d 4 ,e of 111 or down 

79 

20 

Weakness 

211 

77 

I i\cr tenderness 

0 


Dj spnea 

154 

51 

\plcal ‘:\stolic munnur 

144 

4S 

Palpitation and taciijcardia 

CS 

22 

Vpital prcsjsfollc murmur 

5* 

1 

Dizziness 

20 

S 

tplcal diastolic murmur 

7 

j 

Scotomas 

11 

4 

IJasal sjstollc murmur 

6,1 

17 

linnitus 

3 

1 

lla<-al diastolic munnur 

7 

o 

Displacement of left cardlai 



\ort|( sjkiollc murmur 

31 

10 

border 

87 

29 

'Iransmltted murmur 

11 

3 

kdcnia of nnkiis 

101 

34 





* Ttto of tlic'o patients Bad a prcsjstollc thrill In addition to the murmur 


patients showing enlargement of the Inei, the edge was below the costal inaigin 
1 cm in 24, 2 cm in 17, 3 cm in 14. 4 cm in 10 and 5 cm in 5, the distance was 
not recorded foi 9 patients In 54 of the 300 cases the blood pressure was not 
recoided In the othci 246 cases the leadings w'cie as follows 


I Pressure 

<100/60 

^ <120/80 

<140/90 

>140/90 

The duiation of symptoms in 259 cases 
1 ecord ) 

Duration of S^mptoms 

1-3 mo 
3- 6 mo 
6-12 mo 

1- 2 yr 

2- 3 yr 

3- 4 yr 

4- 5 yr 

5- 6 vr 

7 yr 

8 yr 

9 yr 
10 yr 

14 yr 

15 yr 


No of Cases 

49 

96 

60 

41 

as as follows (in 41 cases there was no 

No of Cases 
S3 
26 
31 
56 
30 
22 
11 
18 

3 
1 
1 

4 
1 
2 
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The ei 3 hhrocyte counts were 

No of Red Cells 
Less than 500,000 
500,000-1,000,000 
1,000,000-2,000,000 

2.000. 000-3,000,000 

3.000. 000-4,000,000 

4.000. 000-5,000 000 
A'lore than 5,000,000 


No of Cases 

3 

90 

119 

46 

16 

6 

4 


No count was lecoided on the cut rent chart in 16 cases These, along with the 
last 4 cases, were instances of readmission of patients with pernicious anemia 
In 212 of the 300 cases the erythrocyte count was below 2,000,000 

The leukocyte counts of 280 patients weie normal oi deci eased pi oportionatel} 
to the deciease in hemoglobin and led cells except in 3 instances A woman aged 45 
\Mth a leukocyte count of 20,400 died of bronchopneumonia on her eighth day 
in the hospital A woman aged 70 with cardiac decompensation and an infection 
of the uppei respuatoiy tiact had a leukocj'^te count of 16,700 just befoie death 
Another woman, aged 76, with oiganic heait disease and a blood piessuie of 
194 systolic and 100 diastolic had an unexplained rise of leukocytes to 13,600 


CASE HISTORIES 

Case 1 —A man 44 years old, ill nine months with dyspnea, palpitation, edema of the ankles, 
enlaigement ot the heart, an apical systolic murmur, the edge of the hvei 1 cm below the 
costal margin and the blood pressure 140 systolic and 70 diastolic, had been unsuccessfully 
treated for oiganic heart disease with decompensation for two months He had gained 40 
pounds (18 Kg ) Pernicious anemia was discovered (hemoglobin content 35 per cent, erythro- 
cyte count 1,340,000, color index 1 4 and leukocyte count 3,800) Treatment of cardiovascular 
decompensation with proper control of the anemia gave prompt relief The weight returned 
to normal 

Case 2 — A man of 35 j ears, unable to walk because of changes in the spinal cord, with 
precordial pain, dyspnea, palpitation, apical and basal systolic muimurs and the edge of the 
liver 1 cm below the costal margin, had a hemoglobin content of 30 per cent, an erythrocyte 
count of 1,330,000, a color index of 1 1 and a leukocyte count of 6,700 All abnormalities 
except the murmurs definitely improved with management of the anemia alone The patient 
left the hospital six months later 

Case 3 — A man aged 47, ill seven months and treated foi heart disease, w as admitted 
to the hospital in coma His hemoglobin content was 20 per cent, tlie eijthrocyte count 

770.000, the color index 1 3 and the leukocyte count 3,100 There were dyspnea, edema of the 
ankles and an apical systolic murmur The left cardiac border was 3 cm outside the mid- 
clavicular line, the edge of the liver was 8 cm below the ribs, and the spleen was felt 2 cm 
below the umbilicus Response to injections of liver extract was satisfactory All symptoms 
and findings cleared promptly The patient was discharged on the fifty-seventh day of hos- 
pitalization as having made “a remarkable recover\ ” 

Case 4 — A man aged 59, ill two years, admitted to the hospital in a second i elapse, with 
a hemoglobin content of 20 per cent, an erythrocyte count of 740,000, a color index of 1 3 
and a leukocyte count of 2,540, complained of dyspnea, edema of the ankles and piecordial 
pam of six months’ duration Control of the anemia relieved all symptoms 

Case 5 — A man aged 58, with a hemoglobin content of 40 pei cent, an erythrocyte count 
of 1,400,000, a color index of 1 43 and a leukocyte count of 3,700, had anginal pain, dyspnea, 
edema of the ankles, definite enlargement of the heart, apical and aortic systolic murmurs 
with fibrillation and a history of rheumatism twenty years previously He was relieved by 
tieatment of the anemia 

Case 6— A man aged 43, with a hemoglobin content of 30 per cent, an eiythrocyte count of 

1.260.000, a color index of 1 15 and a leukocyte count of 3,400, had dyspnea, pam in the 
right side of the chest, edema of the ankles, enlargement of the left side of the heart an 
apical presystohe murmur and thrill and an aortic diastolic murmur He was relieved bv 
management of the anemia 
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Case 7 — A man aged 52, ill si\ months with cardiac failure and definite hematologic decom- 
pensation, whose condition appeared terminal on his admission to the hospital, was comfortable 
after four dais of Iner therapj A PR interval of 0 34 second decreased to 019 second 

C^SE 8 — A man aged 61 with mild cardiac and hematologic failure of fi\e years’ duiation 
had moderateh sc\ere ciainps in the muscles of his cahes, which disappeared with control of 
the anemia 

SUMMARt 

Caidiotaseulcii manifestations were found m 257 of 300 cases of peimciotis 
anemia In the jtiescncc of severe anemia it is impossible to segregate dependably 
])atients with iniinai}' cardiovasculai involvement Ml of the usual criteria of 
tardiot aseulai disease may occur solely as the lesult of anemia These symptoms 
and findings are not lestricted to any t3'pc of anemia oi i elated to the seventy 
of the anemia Fxaimnation of the blood is essential for dependable differentiation 
Cai dlO^ asculai manifestations often occui with hematologic decompensation and 
disappear aftci tieatment oi dining .i icmi‘=sion 



HYPERTENSION IN ONLY ONE OF IDENTICAL TWINS 

REPORT or A CASE, WITH CONSIDERATION OF PSYCHO- 
SOMATIC FACTORS 

MEYER FRIEDMAN, MD 

AND 

J S KASANIN, MD 

SAN FRANCISCO 

Because it has been assumed ratliei geneially that the heieclit} patterns ol 
identical twins aie essentially similar, a study of any disease piocess affecting 
identical twins is of importance in that it may suggest the presence or absence of 
heredity factors in the pathogenesis of this particular disease A study of cardio- 
vasculai disease occurring in identical twins may have such pertinence 

Electrocaidiographic studies^ of identical twins have shown that, although the 
electrocardiograms of identical twins are similai in many instances, they aie not 
always so and ma}^ be considerably different 

Rheumatic fe\ei with carditis in each of a pan of identical twins has been 
leported by Morgan and Webstei - and by Perry ^ Flowevei, the lattei authoi 
also reported the occurience of iheumatic fevei in but one of another pan of 
identical twins and concluded that, while heredity may be of considerable impor- 
tance in the pathogenesis of rheumatic fever, infection plays an equally important 
lole In all of these leported cases of iheumatic fevei the environments of the 
twins were also identical This fact obscures the actual lole played by the heredi- 
taiy factors 

Congenital caidiac defects^ have also been repoited in each of identical twins 
Kahler and Weber ® furthei observed that the frequency of such defects in identical 
twins was twice that found in nomdentical twins 

Parade and Lehmann® leported the occurience of angina pectoiis in identical 
twins These twins died within a yeai of each other, both had a thrombosis of 
the descending branch of the left coionary aiteiy and a myocardial infarct m the 
same region of the heart The environments of these two men were not similar 

Essential hypertension also has been leported’’ in identical twins with similai 
envnonment 

Presented at a meeting of the California Heart Association, Los Angeles, May 1, 1943 

From the Harold Brunn Institute for Cardiovascular Research and the Department of 
Psjchiatry, Mount Zion Hospital 

1 Wise, H B , Comeau, W J, and White, P D An Electrocardiogi aphic Study of 
Twins, Am Heart J 17 201, 1939 

2 Morgan, J E, and Webster, S J Rheumatic Fever Followed by Mitral Heart Dis- 
ease in Each of Identical Twins, JAMA 110 1744 (May 21) 1938 

3 Perry, C B Rheumatic Heart Disease in Identical Twins, Arch Dis Childhood 
15 177 (Sept) 1940 

4 Giustra, F X , and Tosti, V G True Cor Biloculare in Identical Twins Am Heart T 
17 249, 1939 

5 Kahler, O H , and Weber, R Zur Erbpathologie von Herz- und Kreislauferkrank- 
ungen, Ztschr f klin Med 137 507, 1940 

6 Parade, G W, and Lehmann, W Angina pectoris bei erbgleicheii Zwillin^en Khn 
Wchnschr 17 1036, 1938 

7 Frohlich, K Tugenlicbe Zwilliiige mit artenellen Hochdruck, Med Klin 33 1196, 1937 
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In the piesent communication we are repoiting the results of a study of iden- 
tical twins m only one of whom hypei tension and coronary disease were jnesent 
Each twin was subjected to a loutine physical examination, a psychologic assay, 
an electrocardiogiaphic study and deteimination of the renal blood flow and of 
the glomerular filtiation late 

UNIOVULAR ORIGIN OF TIIL TWINS IILRIIN RI PORTl O ON 

Although the onlj^ incontioveitible pi oof of the uinoMilai origin of twins is 
the finding of a single placenta at the time of their dehveiy Newman listed 
other criteria which in his opinion establish the identit) of twins The birth 
records of our turns are not available, since the physician who delivered them is 
dead and the lecoids were lost We thus do not know if there was one placenta 
Newman’s criteria weie met by our set of twins fni Ihev had fa) identical coloi 
texture and form of ban, (Zi) striking similantj m general appearance (fig 1), 
(c) identical coloi and coloi pattern of the iiis, (//) identical coloi and textuic 
of skin, (a) identical ej^elashes, ejehrows, bps. shape of cais and teeth (/) iden- 
tical hands, fingeis and fingci nails, (</) identical general character patteins and 
mam lines of fingei and palm prints, and (/;) blood of the same type 

The evidence of blood type is of especial iinpoi lance m these twins A seio- 
logic study was done b) Di Chailes Weiss, dncctoi of clinical laboratoiies 
Mount Zion Elospital, San Fiancisco, and Dr Phillip LcMiie, bactei lologist ol 
Beth Israel Plospital, Newaik, N J, who have done special work m this field 
The blood of both the twnns w'as of the following hpc A, M-|-, N -f-, Rh — , IIi -f- 
Such an agreement m blood type is an almost incontiovertible pi oof of the 
identity of the twmis Although such similaril) in the blood of two peisons is 
possible statistically, piacticall) it is impossible to find it unless thej arc identical 
twins One must remembci that c\en identical twins show a ccitain amount of 
vaiiation This was true in oui twnns Ihe health} tw'in was ahvays more lobust 
physically, and w'hen both grew' up the healthy twTii w'Cighed 30 to 50 pounds 
(13 to 23 Kg ) more than the patient Intellectually, the healthy tw'in was also 
more alert and w'as slighll} ahead of the patient m school 


CASL STUDY OF FIIL PAIIFNI AND 01 Ills I5ROIIIER 

Clinical Study — The patient, G G, was a man aged 54 at tiie time we saw him In 1931 he 
was found to have hypertension How'cver, at this time he c-spcrienced no si'mptoms In 1937 
a routine electrocardiogram was taken, apparently because of his persisting hypertension It was 
not until 1939, however, that he began to ha\e attacks of sc\ere substernal pain radiating 
down his left arm These attacks w'ere particular!}' hkelv to occur after strenuous cvertion 
excitement or ingestion of a heavy meal Usually they subsided within several minutes if 
nitroglycerin was given The frequency and seventy of his attacks increased until he was 
forced to quit work at the end of 1940 When seen by us in Februar} 1941, he had dailv 
attacks of anginal pain There w'as no tainilial history of hypei tension The patient had 
never been exposed to toxic quantities of lead and had never used tobacco in any form He 
had lived in San Francisco from birth 

On physical examination the patient was observed to be a robust, vigorous person, in no 
obvious distress or pain Examination of his eyes revealed a moderate tortuosity of his 
retinal arteries, with marked aunculovcntncular depiession No hemorrhagic or exudative 
areas were seen in tlie retina of either eye Examination of the heart revealed no murmurs, 
but numerous extrasystoles were heard, apparently ventricular in origin Fluoroscopic exami- 
nation showed a moderate dilatation of the ascending aorta and slight enlargement of the left 
^entrlcle The radial arteries felt thickened The blood pressure (right brachial arterv) 
w'as 180 systolic and 110 diastolic There w'ere no peripheral signs of cardiac decompensation 


8 Newman, H H Afultiple Human Births, New' York, Doubleday, Doran & Cominni, 
Inc, 1940 
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Intravenous pyelography showed no gross abnormality of the kidneys Microscopic and 
chemical examination of the urine likewise failed to reveal any abnormality 

R G , the twin brother of the patient, had never had any signs or symptoms suggestive 
ot cardiovascular disease He submitted to the diagnostic procedures herein reported because 
he wished to aid in this study He also had never used tobacco in any form 

On physical examination the patient was observed to be a calm, apparently healthy person 
Examination of his eyes revealed no abnormalities either of the retina or of the retinal 
vessels Examination of the heart showed no abnormality in size, rhythm or dynamics Ihc 
radial arteries were not palpabh' thickened The blood pressure (right brachial arteiy) was 
135 systolic and 80 diastolic 

A'licroscopic and chemical examination of the urine gave negative results 

Peisomhty Study — The patient, a large, stocky middle-aged man, aged 54, was eager to 
haie the examination completed as soon as possible so that he could start on his vacation 
He was tense, somewhat restless and always in a hurry He gave a history of his illness 
along the lines already reported 

The patient came from sturdy Iiish-German stock His mother was living and well at 
77 years of age, a tense, nervous woman The patient’s father died at the age of 65, from 
liermcious anemia 

The patient stated that he was a twin, being thirty-five minutes older than his brother 
He described his brother as being somewhat taller than he and always weighing about 50 
pounds more than he As infants they could not be told apart and had to have blue and 



Fig 1 — The twins at the age of 3 years 


pink ribbons to identify them The brother was a better scholar, but the patient was a 
better mixer From early adolescence the patient had joined all kinds of organizations , 
currently he was a Woodsman, a thirty-fifth degree Scottish Rite Mason, a member of a 
band and a participant in other activities 

As a child, the patient was very active, and at the age of 11 years he began to work in 
an engraving shop At the same time he continued in an evening grammar school He was 
able to complete an evening high school course At the age of 18, the patient entered the 
United States postal service, where he made a good record It was his job, finally, to teach 
the younger postal clerks how to work more efficiently, and he was made a “speed-up man,” 
that IS, he was to set the pace for the slower men to follow The patient made such an 
excellent record in the postoffice that one of the larger banks employed him to take charge 
of their mail department Soon afterward he was put in charge of the young men who 
were m training at the bank Irrespective of previous education, the young men who expected 
to make a career in the bank had to start in the patient’s department as messengers and junior 
clerks He built crews of men, one after another, from which the stable organization of the 
bank was supplied He took responsibility for their later performances 

As to personality, the patient ivas dynamic, eager, quick, excitable, anything he did, he 
“jumped” to do It was this quality that made him known as a “builder of men” and as an 
example for young men to follow His wife described him as a man of a worrisome nature, 
he never let a bill go and everything had to move ahead of schedule He constantly worried 
about whether his work was done well and at night thought about his work and went ovei 
details again and again He was very friendly and had no enemies He continually did favors 
for other people The patient described himself as "too damned conscientious” and “too 
serious” There was a certain strain about him, and he always seemed to be too busy to do 
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things easily The patient described himself as being very sensitive, never letting anjbod\ 
know how he felt, never, never letting himself go and alwajs concealing his emotions To 
his wife he was a “high pressure” man who rarely lost his temper She did not feel that he 
was very sensitive, but she felt herself to be sensitive, because of crying easily She stated that 
he never showed how he really felt and that whatever he wanted to do he did m a htirr>, 
“skipping and jumping” all the time His wife said, further, that he always slept poorly and 
got up at 5 a m , although there was no need for it, and as he got older he seemed to be 
more and more on tlie go Sexually, the patient was described as an "overly passionate man ” 
The patient had one child, a woman of 31 t\ho was married and happy 

The patient’s brother, R G, looked strikingly like the patient He had the same build 
and the same facial expression, especially, their voices were strikingly alike R G repeated 
stories of how alike they were as children and g.ave numerous incidents of how they were 
confused They could not be told apart at school The patient seemed to R G more of a 
nervous type, w'hereas R G himself was steadier and more easy going R G said G G w'as 
a restless person w'ho could not sit still The patient had sc\cial changes of jobs ^lwa^s 
being more ambitious and eager than the brother 


Sviiilat and Conti asitug CltaratlLi islics 

(In the patients’ ow'ii words) 


Patient 

Nickname “Speed-up George” 

Nervous type 
Fast w'orker 

Always on the go flies to things 
Always “bmg-bing” 

Played tackle in high seliool (145 pounds [65 
Kg]) 

Usual weight, 175 pounds (79 Kg) 

He was the wilder of the two, always feeling 
inoie devilish 


More active socially , more w itli people , does 
favors for people 

Better mixer 

Few temper tantrums , holds resentments 
carries liostilitv a long time, does not 
show it 

Changed jobs several times 
Always close mouthed 
Very active m sports 
Cares more for clothes , moi e W'ir\ 

Occasional dunking 


Brother 

Nieknamc “Lcad-in-the-pants” 

Not so neuoiis 

Mso fast, but not so last 

Excited occasionally, but not so excitable 

Pl.ncd center m high school (165 pounds [74 
Kg]) 

Usual weight, 225-250 pounds (101 to 112 Kg) 

More steady, a little smarter, graduated ahead 
of the patient 

Was considered pretuberculous and was out 
of school for two years as an adolescent, 
m spite of this graduated ahead of the 
patient 

kfore selfish, more to himself, less mtutsted 
m people 

More satisfied to be at home 
People say he is quick tempered, lets Ins tem- 
per out, gets o\cr hurts quickly 

Stayed in one job 33 years 
\lways close mouthed 
Very active in sports 
Caics less for clothes, more liiiskv 
Occasional drinking 


In summary’, the patient was by fai the more dynamic of the two, more aggressive, more 
energetic, moie active, probably more successful, although m the past few y'cars this had been 
canceled by the fact that the patient had been ill Both had a certain amount of financial 
security, but the patient w'as w’oiried about his future, although he had savings and his wife 
was working The brother was a widow'ei, and he continued to work, being m excellent 
health The two men cared for each othei strongly, although there had been some estrangement 
at diffeient periods in their life, due to the fact that their wives did not like each other 

In spite of the fact that the patient and his brother were strikingly alike, undoubtedly tliere 
was a certain feeling of inferiority on the part of the patient because his twin w'as somew'hat 
stronger physically and more alert intellectually The patient’s brother had to stay out of 
school for two years on account of a suspicion of tuberculosis, yet he graduated from giammar 
school ahead of the patient It is quite possible that it w'as this feeling of comparative 
inadequacy that made the patient anxious to prove that he was as good as or better than his 
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Fig 2 — Elcctiocardiogram of G G taken in 1937, before tlie onset of tlie attacks of 
angina pectoris 



Fig 3 Electrocardiogram of G G taken in 1940, approximate^^ one 3 cai after the onset 
ot the attacks of angina pectoris 
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Fig 5 — Electiocaidiogram of R G, the patient’s noinial brother, taken on Dec 20, 1941 
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bi other and made him change jobs, take different positions and take on work entailing more 
1 esponsibility and greater compensation The most important primary difference, howcvei , 
lies in the fact that the patient had always been a person who tried to please everybody and 
was always at eveiy one’s beck and call, never letting himself go, always suppressing his feel- 
ings, especially his hostile feelings Franz Alexander, of Chicago, and his associates^ hare 
expressed strongly the belief that hostility is an important psychologic factor m the causation 
of hypertension No psychologic tests were given, for with peisons of this age and with 
their cumulative evpeiiences such tests would not be indicative of any true difference of 
intelligence 

Renal Blood Flozv and Inultn Clcaiancc— The diodrast and the inulin clearance method 
weie employed for determination of the renal blood flow and of the glomerulai filtiation 
rate respectively The ptocedure followed was identical with that previously reported by one 
of us 

It was found that the patient bad a total effective lenal blood flow of 606 cc pei minute 

His twin bi other was found to have a total effective renal blood flow of 725 cc pei minute 

Both of these flows are low as compared wuth the average value, of 1,280 cc per minute n It 
should be noted, how'ever, that theie is no great difference betw^een the tw'o observed lenal 
blood flow's 

The similarity in the iiiulin clearance of the tw'ins w'as even moie striking, tor the clearance 
of the patient w'as 97 8 cc pei minute, that of his biothei w'as 96 cc The filtration fraction 

W'as 21 5 per cent for the patient and 24 0 pei cent for the normal tw'in 

Elcctiocaidtogiapluc Sindy — The patient’s first electrocardiogi am (fig 2), taken on Maich 
4, 1937, revealed no paiticular abnormalities other than a low T wave in leads I and II, and 
complete absence of the T wave in lead III and a left axis deviation How'ever, the second 
electrocardiogram (fig 3), taken on Aug 29, 1940, show'ed unmistakable evidence of myocardial 
damage, stiongly suggestive of disease of the coronary arteries (1) depression of the ST 
segment in leads I and II, (2) inversion of the T w'ave in leads I and II and (3) slurring of 
the QRS complexes in all leads The last electrocardiogram (fig 4) was taken on Dec 20, 
1941 and except for the presence of an occasional ventricular extrasystole was essentially 
similar to the immediately pieceding electiocaidiogram 

The electi ocardiogram of the jiatient’s brother (fig 5), taken on Dec 20, 1941 on the other 
hand, appealed essentially normal 

COMMENT 

Most lecent a.i tides conceiiied with leual blood flow in h)- pei tensive peisons 
suggest the possibility that lenal ischemia is not the causative agent in the patho- 
genesis of clinical hypei tension Theie is also evidence that renal ischemia is 
not the causative agent in the pathogenesis of experimental lenal hypertension 


9 Andeison, O D , Paimentci, A, and Liddell, H S Some Cardiovascular Manifesta- 
tions of the Experimental Neuiosis in Sheep, Psychosom Med 1 93, 1939 Katz, L N, and 
Leitcr, L Piesent Conception of “Essential” Hypertension, ibid 1 101, 1939 Solomon, A P , 
Darrow', C W , and Blaurock, M Blood Pressure and Palmar Sw'eat (Galvanic) Responses 
of Psycliotic Patients Before and After Insulin and Metrazol Therapy, ibid 1 118, 1939 
Alexandei, F Psychoanalytic Study of a Case of Essential Hypertension, ibid 1 139, 1939 
Saul, L J Hostility in Cases of Essential Hypertension, ibid 1 153, 1939 Millei, M L 
Blood Pressuie Findings in Relation to Inhibited Aggressions in Psychotics, ibid 1 162, 1939 
Alexander, F Emotional Factois in Essential Hypertension, ibid 1 173, 1939 

10 Smith, H W , Goldrmg, W , Chasis, H , and Ranges, H A Observations on the 
Effective Renal Blood Flow' and Functional Excretory Mass in Man with Especial Refeience 
to Essential Hypertension, Am J Physiol 123 189, 1938 

11 Friedman, M , Selzcr, A, and Rosenblum, H The Renal Blood Flow m Hvnei tension 
J A M A 117 92 (July 12) 1941 

12 Chesley, L C, and Chesley, E R Renal Blood Flow' in Hypertensive Women J Clin 

Investigation 19 475, 1940 Goldiing, W , Chasis, H , Ranges, H A, and Smith , ’h W 
Effective Renal Blood Flow' in Subjects with Hypertension, ibid 20 637, 1941 Fnedman 
Selzer and Rosenblum n ’ 


13 COTCoran, A C, and Page, I H Renal Blood Flow' in Expeiimental Hypei tension 
Due to Constriction of the Renal Artery, Am J Physiol 133 248, 1941 Fnedman M 
Sugarnwii’ H, and Selzer, A The Relationship of Renal Blood Pressure and Blood Flow 
to the Production of Experimental H 3 'pertension, ibid 134 493, 1941 
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The findini^ of lenal ischemia of appiovimately the same degree m identical 
male twins with hypei tension piesent in only one of them furthei suggests the 
probability that lenal ischemia is an incidental factoi, not a causative one, in 
the pathogenesis of clinical hvpei tension , otheuMse both twins would ha\c been 
hypertensive 

The deal cut demonstration of electiocaidiogiaphic and clinical signs of coro- 
nary arteiy disease in one of a pan of identical twins does not exclude the 
possibility of coionar} arter} disease in the apparently well twin brother For both 
may have had a basic involvement of the coionan lasculature, but the fortuitous 
occurience ot thiombosis in but one of tiic twins maj haAe gnen use to the signs 
and symptoms observed in the patient 

It is possible too, that the long-standing In pei tension in the patient may haA^e 
led to advanced degeneiation of the coionaiy aiteries Certainly, the facts avail- 
able are not sufficient to peiinit a certain conclusion as to the degree of undei- 
lying scleiosis of the coronary aiteiies in each of the twins 

A desciiption of tlic tontiasting pci sonalitics of these identical male twins has 
been included m this icpoit because, othci than the cai diovasculai diflfeiences 
noted, thcA composed the only sti iking diffcience obsened \\ hcthci the lifelong 
existence of extieme tension and dine in the patient bore a causal relation to his 
hypei tension is, ol couise the pioblem Ccitainh the similaiity in the heredity 
and early enviionment of these identical twins stresses the divergenc}’’ in jici- 
sonaht} drnes as a possible cause of the lu pci tension lound in one of them 

CON CLL SION S 

Only one of a ]iaii ot identical twins had In jiei tension and coionan aiteiy 
disease 

Deteiminations of lenal hlood flow and of glomeiular filtiation weie performed 
on both the noimotensive and the Inpeitensuc twin The renal blood flow w'as 
found to be similail} i educed in both tw'ins I'hc glomeinlai filtration rates also 
weie similai 

Electrocaidiogiams of the patient show'ed evidence of myocardial damage, 
wdiile a tiacing made for his bi other was noimal 

The evidence suggests that ps}chologic factoi s ma} haie been of pi unary sig- 
nificance m the production of hypei tension in the affected tw in 

Dr loin Addis, of Stanford Unnersitv, looked o\cr the manuscript 

Mount Zion Hospital 
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Inflammatory disease of the lung is not commonly associated with myo- 
carditis White ^ remarked that pneumonia, either lobar or bronchial, may prove 
a great strain on an already weakened or diseased heart but that it does not itself 
cause serious heart disease except in rare circumstances In a general study of 
240 cases ^ of myocarditis the disease was found to be associated with lobar 
pneumonia 7 times and with bronchopneumonia 19 times If one considers the 
fiequency of pneumonia, these figures are not high However, in pursuing 
the study of myocarditis it was noted that myocarditis was associated relatively 
more frequently with bronchiectasis than with uncomplicated pneumonia This 
was the more noteworthy since the relevant literature barely mentions myocarditis 
m relation to bronchiectasis Because myocarditis associated with bronchiectasis 
has been given little attention, it was considered of interest to bring forward certain 
facts gleaned from a study of the heart in a number of cases of bronchiectasis, in 
the hope that from a study of the clinical records and anatomic changes of the 
heait some data might be elicited concerning myocarditis, which, in general, is a 
rarely observed clinical entity uncommonly confirmed at postmortem examination 

As mentioned before, there aie few references available on this subject 
Occasional statements, however, are found ascribing death to heart failure Jex- 
Blake ® merely mentioned that 3 of 1 10 patients with bronchiectasis died of heai t 
failure Moll ^ referred to 4 patients out of 55 who died as a result of heart failure 
Neither author gave any details as to the type of heart disease responsible for the 
7 deaths Ogilvie,® more recently, stated that myocardial damage occurs as a late 
lesult of chronic sepsis but is infrequently the direct cause of death Wiese,® in 
a review of bronchiectasis, made no mention of heait disease as a complication 
Meiklen observed a patient with long-standing bi onchiectasis and rheumatic heart 
disease in whom a subacute bacterial endocarditis eventually developed 

Among 6,257 patients who came to autopsy, 152 were found to have bron- 
chiectasis, and in 8 there was associated myocarditis Among the 152 patients with 
bronchiectasis, there were 14 less than 8 months old One of these children had 
myocaiditis In the following concise abstract clinical data peitment only to the 
caidiovascular apparatus of the 8 patients with myocarditis are given 

Aided by a giant from the Otto Baer Fund 

From the Department of Pathology, Michael Reese Hospital The department is in part 
supported by the Michael Reese Research Foundation 

1 White, P D Heart Disesae, ed 2, New York, The Macmillan Company, 1937 

2 Saphir, O Myocarditis A General Review, with an Analysis of Two Hundred 
and Forty Cases, Arch Path 32 1000 (Dec ) 1941 , 33 88 (Jan ) 1942 

3 Jex-BIake, A J A Lecture on Bronchiectasis, Bnt M J 1 591, 1920 

4 Moll, H H A Clinical and Pathological Study of Bronchiectasis, Quart J Med 
1 457, 1932 

5 Ogilvie, A G The Natural History of Bronchiectasis, Arch Int Med 68 395 (Sept ) 

1941 

6 Wiese, O Die Bronchiektasenkrankheit, Zentralbl f d ges Tuberk -Forsch 46 113, 

1937 

7 Merklen, P Dilatazione bronchiale e msufficienza mitralica, Gazz d osp 54 200, 1933 
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CLINICAL DATA 

The ages of these patients weie 5 weeks and 33, 42, 47, 48, 55, 67 and 77 >cais 
lespectively Tlieie were 3 females and 5 males The 5 week old infant (case 1) 
had congenital bionchiectasis, and collapse occurred when a thoracentesis was 
performed The tempeiatuie ranged from 98 to 104 F The 33 year old man 
(case 2 ) had had symptoms of bionchiectasis for a number of years and enteied 
the hospital because of headaches and weakness There was gradual development 
of signs of meningitis, which was thought to be the result of a ceiebral abscess 
secondary to the bronchiectasis Seveial days befoie he died cyanosis and tacln- 
caidia weie noted The heait was not enlaiged, and the ihythm was normal The 
pulse rate vaiied from 100 to 124, the tempeiatuie varied from 99 to 103 F , 
the arterial blood piessure was 160 systolic and 105 diastolic Ihe 42 year old 
woman (case 3) had an old history of tuberculosis of the lungs with resulting 
bionchiectasis Tow’^aid the end of her stay in the hospital cyanosis and dyspnea 
developed Hei temperature w^as always about 100 F, the pulse rate 105, and 
the aiteiial blood pressure 106 systolic and 64 diastolic Clinically the heait was 
enlaiged The disease of the 47 yeai old w'oman (case 4) w^as diagnosed as 
bronchiogenic caicmoma While in the hospital she became dyspneic and cyanotic 
and tachycaidia developed The heait wms enlaiged, and a soft apical systolic 
muimm w^as heard At that time the pulse rate was 136 per minute, w'hile the 
temperatuie was 99 F Befoie death the pulse became ii regular This w'as the onh 
patient in the series foi whom a diagnosis of myocarditis w'as made 3 lie 48 yeai 
old man (case 5), w'ho gave a liiston of old bionchiectasis, began to have head- 
aches after an apparently insignificant tiauma \fter a few fainting spells, he died 
rathei suddenly Because of the trauma and sudden death, the case w'as refeiied to 
the coroner At autopsy meningitis was found, in addition to the old bionchiectasis 
and the acute m}ocaiditis The 55 yeai old man (case 6 ) ga\e a histoi} of old, 
unresolved pneumonia, nineteen \ears before On examination he was cyanotic 
and had edema of both low^ei extiemities The heait w'as enlaiged and the heait 
sounds w’^ere distant 3 he tempeiature was 99 F the pulse rate 104 pei minute 
and the aiteiial blood pressure 100 systolic and 70 diastolic For the 67 yeai old 
man (case 7) a clinical diagnosis of bionchiectasis associated wath coronal 3 '^ arteiio- 
scleiosis (thrombosis 7) and a m 3 mcaidial infarct w^as made 3 he diagnosis was 
confiimed at autopsy The heart late was rapid and the rhythm legular 3 he 
tempeiature was aiound 101 F , the pulse late varied but usuall) was 128 per 
minute, and the arteiial blood piessuie vaiied fiom 142 S}stohc and 76 diastolic to 
110 S}'Stolic and 74 diastolic 3heic were thiee electiocaidiograms The fiist 
only IS shown here (fig 1) dlie heait rate w'as 107 33ie P-R inteival w'as 0 18 
second The QRS complex w'as upiight m the limb leads, and small in lead III 
with a Q w^ave present Theie was an S wave piesent m lead I Ihe P w'a\e in 
lead I was lelativel}’^ small, and the P w'aves in leads II and III were tail and 
peaked dlie ST segments in leads I and II were isoelectiic 3 he 53' segment in 
lead III was shghtl}'^ elevated The T w'aves in leads I and III w'ere small and 
the T wave was upright m the limb leads The QRS complex 111 lead CF^ w'as 
almost entirely dowm, and the T weaves in leads CFo and CFj were inveited The 
interpretation by Dr L N Katz w^as as follow^s There w as sinus tachycardia This 
IS a definitely abnormal record The P waves suggest P-pulmonale The QRS com- 
plex m lead CF^, the Q w^ave 111 lead III and the inveision of T in the chest leads 
suggest an at}^pical coronar}”^ pattern lesembhng anterioi w'all infarction It w'a'- 
decided after the lecoid was made that anothei should be taken in foity -eight houis 
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lo lule out a recent m 3 ^ocardial infarction (In lead CF^ an auricular premature 
systole was found , this is not shown m the illustration ) 

Another lecoid was made in forty-eight houis and still another in anotliei foit}'- 
eight hours They revealed some evolution, chiefly in the chest leads This 
consisted of T becoming upright in these leads At the same time a persistent 
auiicular fluttei with irregulai conduction varying from 2 1 to 3 1 was pieseiit, 
and in the latei recoid this was replaced by a regular 2 1 conduction I he evolu- 
tion m these three records was not typical of a lecent myocardial infaiction, and 
the diagnosis was theiefore entertained of an old myocardial infarction of the 
aiiterioi wall with chronic coronary insufficiency and a temporal y exaceibation at 
the lime of the lecoid shown in the illustration 



The 77 yeai old man (case 8) had diabetic gangiene of a lowei extremity, foi 
which the leg was amputated The heart was enlarged, and the heart tones weie 
fairly cleai The temperature was about 100 F, the pulse late 128 per minute 
and the aiterial blood pressuie 170 systolic and 105 diastolic He died lathei 
unexpectedly following the amputation 

AUTOPSY DATA 

At autopsy bionchiectasis was found in every instance The lungs of the 5 week 
old infant (case 1) gave evidence of the congenital form of bronchiectasis The 
47 year old woman (case 4) had bronchiogenic carcinoma with bronchiectasis in 
other portions of the lung, and the 42 year old woman (case 3) had severe ulcerating 
tuberculosis of the lung wuth much fibiosis and inA'olvement of the bronchi and 
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diffuse bronchiectasis The remainder of the patients showed evidence of old oi 
I ecent inflammatory disease in the lung in addition to the bronchiectasis 

The heart was enlarged in all patients with the exception of the infant and the 
])atient who had the bronchiogenic carcinoma (case 4) , the heart of the latter 
weighed 265 Gm In the remainder of the 8 patients, the hypei trophy was more 
prominent m the right ventricle The heart of the patient whose disease Avas 
diagnosed clinically as myocardial infarction levealed an old aneurysm of the left 
ventricle, involving the apex and the adjacent interventricular septum Frank areas 



Fig 2 — Myocarditis A shows the presence of lymphocytes and a few polymorphonuclear 
leukocytes in the interstitial tissue (iron-hematoxylin-eosm preparation, X 120) , B, lympho- 
c\tes and old connective tissue in the interstitial tissue space (hematoxylin-eosin preparation, 
X 260) , C, lymphocytes and an occasional polymorphonuclear leukocyte in part in the inter- 
stitial tissue and in part replacing heart muscle fibers (iron-hematoxydm-eosin preparation , 
X280) 

of fibrosis undoubted!}^ the result of coronaij arteiioscleiosis were found in 2 
additional instances 

Grossly, myocarditis was not recognized in a single instance, though a diagnosis 
of cloudy swelling of the myocardium was made on all the hearts On histologic 
examination, however, the existence of myocaiditis was obvious 

On microscopic examination in case 1 many neutrophilic polymorphonutlear 
leukocjdes were seen extending through the entne wall of the myocaidium but 
particulaily pronounced m the light ventiicle Theie was also an acute peiicarditis 
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In case 2 the inflammatory cells consisted principally of mononuclear cells, 
particularly pronounced m the peiivascular spaces An occasional polymorpho- 
nuclear leukocyte and a few fibroblastic cells were also noted In case 3 a distinctly 
edematous mateiial was found m the interstitial tissue, and many polymorphonuclear 
leukocytes and lymphocytes were noted No tubercles weie recognized, nor did 
the Ziehl-Neelsen stain reveal any acid-fast bacilli In case 4 the myocardium showed 
an increase m connective tissue thioughout, and between the inteistitial tissue fibeis 
lymphocytes and endothelial leukocytes were noted The vessels on section showed 
no change The myocaidial changes weie mterpieted as true chronic myocarditis 
In case 5 there were disclosed a number of neutrophilic polymorphonucleai leuko- 
cytes. mononuclear cells and occasional plasma cells These cells were found m 
the inteistitial tissue but also could be made out replacing some heait muscle fibers 
Bacteiial stains showed the presence of intracellular and exti acellular gram-positive 
COCCI The heart of patient 6, who was classified clinically as dying fiom myocardial 
failuie, showed a new formation of connective tissue situated diffusely between the 
muscle fibers, and lymphocytes, endothelial leukocytes and a few plasma cells were 
found distributed throughout the newly formed connective tissue The coronary 
arteries showed no sclerotic lesion These changes weie inteipieted as chronic 
m 3 ^ocaiditis In case 7 sections of the myocardium showed an old myocardial 
infarction which was found on gross examination Other areas of fibrosis were 
also noted However, in a numbei of other sections neutrophilic polymorphonuclear 
leukocytes, lymphocytes and laige mononucleai cells were seen distributed through- 
out the mtei stitial tissue There was no evidence of i ecent infarction m these regions 
In case 8 old connective tissue fibers weie seen, partially leplacmg muscle fibers and 
partially situated in perivascular spaces Because of the moderate coronary arterio- 
sclerosis, these changes weie intei preted as being the result of a vascular disturbance 
However, m addition, a number of foci of polymorphonuclear leukocytic infiltration 
weie noted in perivascular spaces and extending along the interstitial tissue An 
' occasional lymphocyte and a few plasma cells were also seen Thus, m addition to 
the fibrosis of the myocardium, a i ecent myocarditis was encountered 

In summary, a recent myocarditis was encountered m 3 cases (cases 1, 3 and 5) 
Complicated with myocardial fibrosis because of coronary arteriosclerosis, recent 
myocarditis was found in 1 instance (case 8) and coincidental with an aneurysm 
of the heart m another instance (case 7) Subacute myocarditis was encountered 
once (case 2) and tiue chronic myocaiditis twice (cases 4 and 6) 

COMMENT 

It IS noteworthy that clinically the diagnosis of myocarditis was made m only 
a single instance (case 4) The diagnosis was arrived at because of the enlarged 
heart and the high pulse late, which eventually became irregular m the face of 
the only slightly elevated temperature (99 F ) In retrospect, such a discrepancy 
between pulse late and temperature was definitely noted m 3 patients There were 
2 other patients who perhaps had a slight discrepancy between temperature and 
pulse late which may be significant m this respect (case 6, temperature 99 F , pulse 
rate 112, case 7, temperature 101 F, pulse rate 128) One of these patients 
(case 6), the 55 yeai old man, was considered clinically to have died of heart 
failure The heart was enlarged, the heart sounds were distant, and there were 
edema of the lower extremities and cyanosis The heart at autopsy showed minimal 
coronal y arteriosclerosis, but maiked myocardial fibrosis with a number of inflam- 
matory cells was still clearly lecognizable This was 1 of the 2 instances in which 
a diagnosis of true chronic myocarditis was made Theie was nothing else found in 
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the recoids of all these patients that could be constiued as evidence in favoi of the 
diagnosis of myocarditis It must of course be leahzed that these data were taken 
from the lecords of the lelevant patients and that these patients weie not examined 
with a view to eithei ruling out or confirming myocaiditis 

Three of the 8 patients died unexpectedly Sudden death of patients with myo- 
carditis is often stressed “ Refeience will be made here only to the repoit of Lisa,® 
who reviewed the autopsies on 41 iiatients who died suddenly In 36 of these 
thei e was acute myocai ditis 

Histologically the myocardial lesions weie not chaiacterislic m any respect The 
mflammatoiy cells weie found in the interstitial tissue but also rejilaced occasional 
muscle fibers The involvement of the inteistitial tissue, however, \\as moie pio- 
nounced Though neutiophihc iiolymoi phonucleai leukocytes piedominated m the 
cases of moie lecent involvement, other types of inflammatoiy cells were noted 
A. piedommance of eosinophilic cells was not present In the hearts consideicd as 
showing tiue chronic myocarditis, there was much newly formed connective tissue, 
with a majoiity of lymphocytic cells The Wasseimann icactions of the patients 
were negalne, and nothing uas found at autopsy fiom which a diagnosis of S 3 phihs 
could possibly be inferred 

The cause of the myocaiditis m some ol these instances, in which theie ueie no 
othei infections, was vei}^ likely the bionchiectasis Ihe suppuration, the laige 
numbei of bacteiia piesent m the dilated bionchi and the acute and chionic 
inflammation of the wall of the bronchi can easih constitute the primaiy focus to 
which the myocarditis may be ascribed Yet m only 1 instance \\ ei e bacteria found 
111 the myocardium (case 5) In not a single instance was there an endocaiditis 
The chiomcity of the bronchiectatic lesion may account for the subacute and chionic 
myocaiditis in some of the cases In a pievious study * it was pointed out that theie 
IS little conciete evidence foi the assumption that tonsill.ir infection may give rise 
to myocarditis Howevei, it seemed evident that more seveie infections of the upper 
lespiiatory tract may occasional!} cause nnocaiditis in the absence of endocaiditis 
From this study bionchiectasis and the concomitant mflammatoiy changes must be 
considered among the causes of mj^ocarditis It must be emphasized that it cannot 
be decided whethei the myocaiditis found in the patients with meningitis, abscess of 
the brain and gangiene was coincident with these lesions and possibl) a manifestation 
of sepsis 01 was the diiect result of the bionchiectasis 

Since, as already stated, theie are vei}"^ few leferences to myocarditis in instances 
of bionchiectasis, it was consideied to be of inteiest to search foi such myocai dial 
complications m i elated diseases Thus, lepoits of autopsies on patients dying of 
bionchial asthma with bionchitis weie studied in this lespect It was inteiesting 
to note that such repoits weie veiy raie up to about 1930, theie have been quite 
a few reports since that time Though a numbei of authois stiessed the sudden 
death of these patients, little attention is seemingly paid to possible micioscopic 
changes in the myocardium, and death is asci ibed to asphyxia Fowler,® in repoi t- 
mg the sudden death of 2 such patients, stated that it is worthy of note that iieciopsy 
did not leveal any cardiac lesions which might be held responsible for the fatal out- 
come Chafee, Ross and Gunn,^” very recently, howe^ ei , described a myocai ditis m 
a patient who died suddenly aftei an asthmatic attack Theie were massive infiltia- 

8 Lisa, J R Pathologic Findings in the Heart in Sudden Cardiac Deaths, Ann IiiL 
Med 12 1968, 1939 

9 Fowler, K Necropsy Studies on Two Patients Dying in Asthma, Pennsylvania M J 
40 720, 1937 

10 Chafee, F H , Ross, J R , and Gunn, E M Eosinophilia in Fatal Asthma Studies 
of Bone Marrow and Myocardium, Ann Int Med 17 45, 1942 
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tions throughout the myocardium of eosinophilic polymoi phonucleai leukocytes, a 
few lymphocytes and plasma cells Also encountered weie small foci of necrosis 
Tliough myocarditis was not mentioned in a second patient who also died suddenly, 
the desciiption of the myocardium mentioned an infiltration by inflammatoiy cells 
In then fifth patient, the authois again mentioned an acute nonsuppui atn e myo- 
cai ditis 

In the autopsy files of the patholog}^ depaitment of Michael Reese Hospital 
theie aie records of 3 fatal cases of bronchial asthma The loutine sections of 
the m}ocardium disclosed no inflammatoiy lesions Because of the findings of 
m}'Ocarditis m these instances of bronchiectasis, a number of new blocks fiom 
tlie myocardium wei e cut, stained and examined In 1 of these 3 instances evidence 
of myocarditis was found on a lestud}'- of the myocardium Thus, the question 
must be raised as to whethei or not a caieful study of the myocardiums of patients 
with bronchial asthma may not show myocarditis and whethei this may be 
lesponsible for the sudden death not rarel)'’ encountered in these patients It is 
clear that a casual microscopic examination of the myocaidium cannot disclose the 
essential lesions From this experience, many sections must be cut fiom the myo- 
cardium and the myocaidium must be most carefully examined for the specific 
purpose of eithei finding or ruling out myocarditis before a negative result can be 
reported This study of the myocardium m instances of bronchiectasis and bronchial 
asthma is significant in this respect 

SUMMARY 

A type of myocarditis occurs in patients with bi onchiectasis It was found at 
autopsy 8 times among 152 patients and caused unexpected death 3 times Clinically 
myocarditis was diagnosed m only 1 instance The most significant clinical observa- 
tion 111 these patients was a discrepancy between the lelatively slight elevation of 
temperature and the high pulse rate Bi onchiectasis with the incumbent seveie 
inflammatoiy changes constitutes a primary focus to which myocaiditis can be 
ascribed Also in some patients with bronchial asthma who die suddenly, myo- 
caiditis may be a contiibutory cause of the sudden death From this study it is 
deal that in many instances a correct diagnosis as to the presence oi absence of 
myocarditis can be made only if many sections aie cut from the myocardium, and 
most carefully examined for the specific purpose of either finding oi lulmg out 
myocaiditis 
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Peinicious anemia is said to be laie in Negroes Oui review of the last 1.000 
consecutive patients with pernicious anemia who enteied the Cook County Hospital 
contradicts this observation This study covers the period from 1931 to 1942, 
during which 93 Negroes weie found to have pernicious anemia An analysis of 
the results of oui leview constitutes the subject matter of this paper 

imvicw or Tin: LiTCRATbRC 

One hundred and six cases (5 doubtful) of peinicious anemia in Negioes aie 
lepoited in the literature All the reports aie by American authors and 14 of the 
cases have been leported from the Cook County Hospital by Carr ^ and by Traut ' 
It IS noteworthy m this connection that Carr's report which coveted the peiiod 
tiom 1912 to 1920, included only 6 cases and Traut’s, based on the statistics fiom 
1920 to 1926, only 8 These occurred m a total of 390 cases of pernicious anemia 
observed during this fouiteen jear period Since then, perhaps because of a gi eater 
interest in peinicious anemia stimulated b> the introduction of liver theiapy the 
diagnosis has been made annually in about thiee times as many cases This only 
partially lepiesents a real increase in the numbei of cases, since in lecent tears 
greater numbei s of patients have been admitted to the hospital Moreovei, there 
IS an increase in the life span of patients, and some of them have outlived then 
first 01 second relapse by virtue of theiapy pieviously administered elsewheie 
Nonetheless, we feel that increased awaieness and more fiequent recognition aie 
mostly responsible for the threefold increase 

The pieviously reported cases are summarised in table 1 

Note must be taken of the fact that we deal in this entire series with Noith 
Ameiican Negroes PreMOus writers have almost without exception emphasized 
the probability of admixture wuth Caucasian blood Evans ^ paiticulaily stiessed 
the fact that the 9 patients on whom he reported w^eie all mulattoes This in no 
way invalidates our observations, since for practical purposes it is not possible 
in most instances to ascei tarn with any degi ee of cei tainty the pi esence oi degi ee of 
admixture With few^ exceptions our patients had the typical dark skin, dark eyes 
kinky hair and negioid facies typical of the full-blooded Negio We fully realize 
that this in no way excludes even a 50 per cent admixture of wdnte blood We 
feel that even if contrary obseivations were repoited fiom native Negro habitats 
they would in no way vitiate our findings, since the adaptation of these people to 
a new mode of living has made them comparable to the Caucasians Moieovei 

Former Fellow in Hematology, Cook County Hospital 

From the Department of Medicine, Cook Countj Hospital 

This work was aided by a grant from The Wilson Laboratoi les, Chicago 

1 Carr, J G Pernicious Anemia, Am J M Sc 160 737, 1920 

2 Traut, E F Pernicious Anemia in the Negro, Illinois M J 51 322, 1927 

3 Evans, F A Pernicious Anemia, Baltimore, Williams & Wilkins Company, 1926, p 28 
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from a practical standpoint the question is purely academic, since the North Amei- 
ican Negro belongs to a hybrid gioup Foi these reasons we have made no attempt 
to classify our patients as more oi less negroid 

Diagnostic criteria m no way diffeied from those well established for the disease 
1 e , typical hematologic data (macrocytic anemia with high color index and char- 
acteristic changes m the led cells, leukopenia, granuloc 3 rtopenia, and thrombopenia) , 


Table 1 — Siimimiy of Published Repoits of Cases of Pemicwns Anemia m Negtoes 


Author and Reference 

Source of Material 

Year 

Total 

Admis 

slops 

Admis 

sions 

of 

Negroes 

Total ! 
Cases of 
Pernicious 
Anemia 

Pernicious 

Anemia 

in 

Negroes 

Carr i 

Cook County Hospit il. 
Chicago 

1912-1920 


“At least' 
10% of 
total 

” 148 (14*) 

6 

Jamison, S 0 South jM 

J 10 683, 1926 

Charity Hospital, New 
Orleans 

1920 1926 

123,624 

49,188 

54 

12 

Evans 

Johns Hopkins Hospital, 
Baltimore 

1889 1922 


34,380 

678 9 (all 

mulattOLs) 

Traut - 

Cook County Hospital, 
Chicago 

1920 1926 


“33% of 
total” 

250 

8 

Alathewb, HO U S Vet 
Bur M BuU 5.491, 1929 

U S Veterans Hospital, 
Tuskegee, Ala 

1923 1928 

4,940 

4,940 

2 (1*) 

2 (1‘) 

Oates L R A Study of 
Pernicious Anemia, Thesis, 
liniversity of Michigan Grad 
unto School, 1932, p 83 

Universitv of Michigan and 
Simpson Memorial Instl 
tute, Ann Arbor Mich 

1925 1932 

112,299 


580 

2 

Friedlander, R D Am J 

M Sc 187.634, 1934 

Peter Bent Brigham Hos 
pitol, Boston 

1913 1932 

80,416 

4,603 

500 

3 

Strauss, N, and LaPorte, 

T P V New York State 

J Med 34 1027, 1934 

Morrisanla Hospital, 
Momsama, N Y 

1929 1934 


8,527 

1 

1 

Rampmeier, R H , md 
Cameron, p B Am J M 

Se 192 751, 1936 

Chanty Hospital, New 
Orleans 

1926-1936 

524,503 

247,239 

110 (4*) 

14 (4«) 

Millett, J Bull School 
Med Univ Maryland 22 
105, 1938 

Meadowbrook Hospital, 
Hempstead, N Y 

1035 1930 



1 

1 

Granady, J T W J Nat 

M A 29 9, 1937 

Private cases 




4 

4 

Murphy, W P Anemia in 
Practice, Philadelphia, W 

13 Saunders Company, 

1939, p 194 

Private cases 

1925 1938 



678 

5 

Jones, C A Internat 

dm 3 -258, 1939 

Graduate School Unlvcr 
sity of Pennsylvania 
Philadelphia 

1939-1939 



34 

2t 

Harvard Medical School 
New England J Med 222 

734 1940 

Peter Bent Brigham Hoc 
pitnl, Boston 

1940 



1 

1 

McCracken, J B J M A 
Georgia 30 49, 1941 

Grady Hospital, Atlanta, 

Ga 

1935-1940 


46,090 

69 

3 

Wintrobe, M M' Clinical 
Hematologv, Philadelphia, 
Lea & Febiger, 1943, p 311 

Johns Hopkins Hospital, 
Baltimore 

1925-1940 


% 

329 

33 


* Doubtful cases 

t These two had allergy There may haic been more Negroes 


achylia gastnea, symptoms leferable to the anemia and to the gasti ointestmal and 
the nervous system specific response to the administration of liver extract and in 
doubtful cases a megaloblastic marrow It ma};- be stated parenthetically that the 
blood of Negroes with pernicious anemia shows changes in the led cells much 
more exaggerated than those seen in Caucasians 

ANALYSIS OF CASES (TABLE 2) 

Relative Incidence in White Pei sons and Negioes — Duiiiig the period of the 
stud} approximately 800.000 patients were admitted to the hospital, of whom 



784 


ARCHIVES OF INIERN IL MEDICINE 


200,000 weie caied for in the medical waids Theie weie 1,000 patients with 
peimcious anemia among these, 93 being Negioes, which makes the ratio of white 
pel sons to Negioes about 10 1 Since white patients outnumbered the Negioes 
2 1, the collected latio \\oiild be appioximately 5 1, oi 20 per cent These figures 
eoiiespond to an incidence of about 170 cases per hundred thousand among white 
pel sons and 36 cases pei bundled thousand among Negioes 

Using the figuies fiom table 1 when sufficient information is a\ailahle we find 
the following facts 

Of 426,500 wdnte patients, 637 had peinicious anemia — a late of about 150 pci 
bundled thousand Of 306,000 Negioes, 31 had pernicious anemia — a rate of about 
10 pel bundled thousand The incidence of pernicious anemia in Caucasians seems 
to be faiily constant, but there is considerable discrepancy between oui statistics 
on Negroes and those of others In our series the occurience in Negroes is about 
thiee and a half times as frequent as would be expected from previously reported 
figures 

Tablf 2 — Aqc, Se\ and Colot Incidence Among One Thousand Paltcnis ivHh 

Peiincwtis Anemia* 




Male 

i 

rciniile 
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in the 
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White 

>eero 
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Neero 
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2 

) 
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09 

83 

10 
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3 

30 

8 

70 
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77 

40 49 

72 

9 

09 

14 

15 0 

24 7 

10 5 

50 59 

12, 

11 

130 

0 

281 

21 7 

276 

00 09 

14 . 

8 

119 

13 

291 

22 5 

283 

70 79 

09 

0 

82 

4 

10 8 

10 8 

101 

80-89 

10 


11 


23 


21 

Totals 

452 

40 

119 

53 

100 0 

100 0 

100 0 

* There wero 
nle, need S5 

2 Chinese mnlc®, need 

5', nnd 00, ’ 

Alc\Ienn 

females, need 31, 

, '7 and 13 

nnd 1 Hindu 


Mole Female Ratio — Of the 93 patients, 40 weie males and 53 w'eie females 
Since female patients admitted are in a 3 5 minority, correcting foi this wmuld give 
an even greater female dominance During a similai period the latio in the w'hite 
population Avas almost exactly 1 1, according to uncoriected data 

Age Incidence — More than tw'O thuds of the patients (64) weie betw^een the 
ages of 40 and 70, without a significant peak in the distiibution cune In this 
gioup the peicentage distiibution ivas essentially the same as that seen in the 
geneial population At the age extremes, how'ever, two inteiestmg differences 
were noted There Aveie many moie patients below^ 40 and far few^er over 70 
among Negroes than among Causasians The fiist difference is piobably due to 
the earlier pi ecipitation of the manifestations of pernicious anemia because of the 
generally poorer diet, -wdiile the second could be attiibuted to a shoitei expectancy 
of life 

SUMMARY AND CONCLUSIONS 

Ninety-three cases of pernicious anemia m Negroes w^eie encounteied among 
a total of 1,000 cases of pernicious anemia leviewed 

Pernicious anemia in Negroes occurs at the late of 36 jjei bundled thousand 
hospital admissions, contrasting wnth the late of 170 pel bundled thousand in 
■Caucasians 
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The incidence of pernicious anemia is appaiently somewhat higher m Negio 
females than in males 

The age distribution among Negroes is essentially similar to that seen among 
Caucasians, with two significant differences (a) greatei incidence m youth and 
{]}') lower incidence in old age 

The pernicious anemia observed in Negroes is identical with that observed in 
Caucasians 

Pernicious anemia m Negioes is more frequent than pievious reports would 
indicate, and its appaient incidence will increase as less and less emphasis comes 
lo be placed on its rarity 


1825 Harrison Street 



SPLENOPORTAL VENOUS OBSTRUCTION ^VITHOUT 

SPLENOMEGALY 

FURTHER CONTRIBUTION TO THE PATHOGENESIS OF I IBROCONGFSTIVE 
SPLENOMEGALY (bANTI S\ NDROME) 

PAOLO RAVENNA, :M D 

CHICAGO 

It has been pioved beyond a leasonable doubt that tlie Banti syndrome, a morbid 
condition characterized by chionic fibious and congestive splenomegaly, secondar\ 
anemia and lecurrent hematemeses, may occiii independently of any obstruction to 
the portal cn dilation ’ The splenic enlaigement thus is not the result of circulator} 
disturbances in the portal bed, though portal sclerosis and thrombosis mai 
secondarily complicate the picture A drawback to the general acceptance of this 
concept lies in the fact that the same clinical and pathologic picture occitis m 
instances m which the presence of an impoitant obstacle in the portal vessels sug- 
gests that the mechanism is passive hyperemia of the spleen Depending on the 
nature of the obstruction in individual cases, this condition is termed thrombo- 
phlebitic splenomegaly,- portal phlebosclei osis ** or cavernomatous tiansformation 
of the portal vein ^ The current assumption “ that the splenomegaly is primar\ in 
some instances and secondary in others would seem to offer a compromise which 
is not too convincing On the other hand, the assumption that all these 
splenomegalies aie secondaiy, even in the absence of an obstruction, is not accept- 
able foi the existence of a primary fibi ocongestive splenomegalv is uell established 

This work \\as aided by a grant from the A B Kuppcnhcimei Fund 

From the Department of Patholog}', Michael Reese Hospital, Ciiicigo 7 he department 
IS in part supported by the Micliael Reese Research Foundation 

1 Ravenna, P Banti Syndrome (Fibrocongestivc Splenomegaly) Definition, Classi- 
fiLation and Pathogenesis, Arch Int Med 66 879 (Oct ) 1940 

2 (a) Deve, F Splenomegalic chroniquc a\ec ancmie d’ongine pi'lethrombosiqut 

Normandie med 23 109 (March) 1908 (h) Cauchois, A Splenomegalies chroniques 

d’origine pvlethrombosique Thesis, Pans, no 422, Pans, G Steinheil, 1908 (c) Warthin 

A S The Relation of Thromboplilebitis of the Portal and Splenic Veins to Splenic Anemia 
and Banti’s Disease, Internat Clin 4 189, 1910 

3 (a) Simmonds, M. Uebei Pfortadersklerose, Virchows Arch f patli Anat 207 360 

1912 (b) Winkler, H Uebei piiimre Pfortaderthrombose bci Pfortadersklerose und bei 

chromschen Milz-tumor, Franlcfurt Ztschr f Path 17 377, 1914 (c) Wohlwill, F Ueber 

Pfortadersklerose und Bantiahnliche Erkrankungen, Virchow's Arch f path A.nat 254 243 
1925 (d) Freund, M, and Schick, B A Typical Form of Splenomegalv in^ Children 

Phlebosclerosis of the Portal Ciiculation, J Mt Sinai Hosp 4 221 (Nov -Dec) 1937 

4 Klemperer, P Ca\ernomatous Transformation of the Portal Vein Its Relation to 
Banti’s Disease, Arch Path 6 353 (Sept) 1928 

5 (a) Davies, J C Splenic Anaemia and Portal Thrombosis, Lancet 2 498 (Sept 8) 

1928 (b) Villa, L Zur Diagnose der Milzvenenthrombose, Med Klin 25 909 (June 7) 

1929 (c) Moretti, E Sindromi splenoepatiche e splenomegaha tromboflebitica (Contributo 

anatomo-climco) , Arch di pat e dm med 7 511 (Nov) 1928 (cf) Frugoni, C La spleno- 
megalia tromboflebitica primitiva, ibid 3 574 (Dec ) 1924 (e) Brandberg, R Untersuchungen 

uber splenomegale Leberzirrhosen, sog thrombophlebitische Milztumoreii und chromschinfek- 
tiose Milzvergrosserungen unter besonderer Berucksichtigung der Pathogenese und der 
Behandlungsresultate bei Splenektomie, Acta chir Scandinav (supp 40) 77 1 1935 (/) 

Dameshek, AV Medical Progress Hematologi' New' England J Med 224 729 (April 24) 
1941 
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Rather it seems that the evidence in favor of the occiiri ence of a splenomegal}' caused 
entirel}- by passive hyperemia should be critically reexamined 

In an eailier study® an attempt was made to show that, while the majority of 
cases reported m the literatuie as instances of thrombophlebitic splenomegaly should 
be considered cases of primary splenomegaly complicated by thrombophlebitis, 
definite evidence for ruling out the possibility that isolated splenic enlargements 
depended on a primary venous occlusion was still missing It seems that the 
solution of this pioblem lies m the demonstiation of splenomegaly entirely due 
to passive hypeiemia In search of such evidence, the autopsy protocols of Michael 
Reese Hospital, m Chicago, covering autopsies performed between 1909 and 
Decembei 1942 were investigated Cases were chosen in which there was absolute 
certainty that the venous occlusion was not the result of splenic enlargement and 
that if splenic enlaigement was present it could not be explained as due to some 
other cause Thus instances of portal thrombosis occuning m syphilitic or 
leukemic patients weie not considered, for the splenic enlargement could be 
explained independently of any passive hyperemia 

CLASSIFICATION OI- CASES 

The most common conditions causing chronic passive hypeiemia oi the spleen 
aie (1) occlusion of the splenic oi portal vein (2) chronic heait failuie and 
(3) cirrhosis of the liver 

Cases with Occlusion of the Splenic oi Portal Vein — In this senes theie weie 
12 cases in which occlusion of the splenic oi portal vein or both was suiely not 
dependent on a disease of the spleen The essential data are collected in the 
accompanying table In 11 cases the obstruction was due to a tumor, eithei 
diiectly invading the splenic or portal vein oi compressing it fiom the outside In 
1 case a fibrous band pioduced a strictuie of the portal vein The weight of 
the spleen was noimal in 7 instances, smaller than noimal in 3 (icspectiveh 60 90 
and 100 Gm ) and slightl}^ larger than normal m 2 (lespectively, 200 and 210 Gm ) 
In 1 of these 2 cases there was an early hepatic ciirhosis and the enlaigement ut 
the spleen, moderate indeed, might have been due to the ciiihosis of the liver 

It IS impossible to know the exact time of onset of the venous obstiuction in 
the cases leported here It can safely be admitted however, that the occlusion 
had lasted not less than several days (since at least several days are necessary for 
a tumor mass to glow so as to obstruct a laige vein) and that it was probably 
seveial weeks in cases in which both the poital and the splenic vein were occluded 
by tumor tissue oi in which the thiombus showed advanced organization and 
possibly seveial months in the instance of portal constriction fiom an old scai 
Since extiemely lecent occlusions were not included in this series, none of the 
patients presented the modeiate splenic enlargement which occurs immediately 
aftei occlusion of the splenic vein but subsides in a few days Except possibly in 
1 case (no 2), the occlusions were not of ver}"- long standing This fact does not 
pieclude the conclusion to be drawn here, because if no enlargement is manifest 
within the first few weeks aftei the establishment of a venous occlusion it is 
cxtiemel> unlikel} that it aviII develop subsequently, at a time when the formation 

6 Ravenna, P La splenomegalia fibroso-congestizia primitiva con cirrosi epatica e la 
sua sistemazione fra le sindromi bantiane, Minerva med 1 225 (March 10) , 255 (March 17) , 
276 (March 24) , 306 (March 31) 1936 

7 Fieschi, A Splenotromboflebite acuta e cronica Studio chnico e istopatologico di un 
caso operate precocemente e di un case decorrente da oltre \enti anni, Chn med ital 70 133 
(Jan -April) 1939 
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of collateral pathways and the canalization of the occluded vessel have leheved 
the circulatory disturbance 

In the present material the older age gioup predominates, and it maj be 
observed that in old age the spleen is less likely to expand I-Iowever, 4 patients 
were less than 34 years old and 1 vas 45 years old, and their spleens weie not 
larger than the others’ 

The average weight of the spleen in the Banti syndrome is moie than 1,000 Gm ** 
The average weight of the spleen in these cases of portal obstruction was 140 Gm 
The discrepancy is so great that it is difficult to imagine that it can be explained 
without invoking some factor othei than passive h}peremia 

Cases with Cliiomc Caidiac Fathne — It is common knowledge that chionic 
cardiac failuie does not produce great and permanent enlargement of the spleen-^’ 


Data on Tzvclvc Cases of Poilal Obsiiticlton Independent of Splentc Disease 


Case 

No 

be\ 

tte 

Fnthologlc Diagnosis 

Nature of Obstruction 

Weight of 
Spleen, 
Gm 

Comments 

1 

M 

71 

Carcinoma of stomacii 

Lvttnslon of carcinoma into 
portal \cln, organizing 
thrombosis 

90 

Ascites, 1,800 ec 

2 

M 

50 

Subacute peritonitis 

1 ibrous band around portal 
vein 

00 

Ascites, 2,000 ec 

3 

r 

71 

Carcinoma of pancre is 

I \tension of carcinoma into 
splenic \cln 

100 

\scltcs, COO cc (rettiit 
paracentesis, 3,000 cc > 

i 

M 

01 

Carcinoma of pancreas 

Partial occlusion from organ 
i/cd thrombosis splenic \cin 

135 


5 

r 

S3 

Eetropcritoneal 
chromallln tumor 

Compression of portal \eln 
by tumor 

Normal 


0 

r 

24 

Carcinoma of rectum 

Complete occlusion of splenic 
and portal telns by tumor, 
splenic vein filled up to 
lilius of spleen 

115 


7 

M 

J3 

Carcinoma of pancreas 

Obliteration of portal ^cln 
b> tumor 

310 

\sclles, 1,500 cc (rcLcnt 
paracentesis, 3,200 cc ) 

S 

F 

60 

Carcinoma of pancreas 

Intension of carcinoma in 
portal and splenic tcins 

175 

Vscites, 100 cc (recent 
laparotomy) 

9 

M 

2S 

Carcinoma of colon 

Infiltration of the vail of 
portal >ein 

Normal 


10 

r 

01 

Carcinoma of stomacii 

Metastasis in portal \cin 

Normal 


11 

r 

45 

Primary carcinoma of 
liver 

Carcinoma metastacls occliid 
Ing portal tcin 

200 

1 arl} portal cirrlio‘;i‘- 
ascites, 1,000 cc , c-o 
phageal varicc® 

12 

M 

57 

Carcinoma of stomaUi 

Occlusion of riglit and left 
branches of portal vein by 
tumor 

175 

Ascites 2,000 cc 


On the contrary, the spleen may be reduced in size (cyanotic atrophy) These 
facts confiim the statement made many yeais ago by Oestieich that the size of 

8 (o) McMichael, J The Pathology of Hcpatolieiial Fibrosis, I Path & Bact 39 481 

(Sept) 1934 (b) Hu, C H, and Chu, I K C Eanti’s Disease and Laennec’s Cirrhosis 

A Clinical and Anatomical Study with Observations on Their Possible Etiological Relation- 
ship, Chinese M J , March 1938, supp , p 1 (c) Lubarsch, C Pathologische Anatomic der 

Milzvergrosserungen, Verhandl d deutsch Gesellsch f inn Med 40 527, 1928 

9 (a) Rolleston, H D , in Discussion on Splenic Enlaigements Other 'lhan Leukaemic, 

Brit M I 2 1157 (Oct 17) 1908 (b) McNee, J W Croonian Lectures on Luer and 

Spleen Their Clinical and Pathological Associations, ibid 1 1017 (lune 4) , 1068 (June 11) > 
nil (June 18) 1932 (c) D’Arngo, S Milza da stasi cronica centrale, Pathologica 30 430 
(Oct 15) 1938 (d) Klemperer, P The Spleen, m Downey, H Handbook of Hematology, 
New York, Paul B Hoeber, Inc , 1938, vol 3, pp 1587-1754 

10 Oestreich, R Die Milzschwellung bei Lebercirrhosc, Virchows A.rch f path A.nat 
142 285, 1895 
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the spleen does not give information as to the degree of distention and stasis m 
the portal venous system 

Cases with Hepatic Ciirhosis — This condition is mentioned here because it has 
been affirmed that the splenic enlargement of hepatic cirihosis offers an example 
of chronic passive hypeiemia of the spleen producing splenic enlargement Theie 
aie many arguments, howevei, against the assumption that this enlargement is due 
to passive hyperemia alone The following are the most important (1) splenic 
enlargement is frequent, but not constant even in the most advanced stages of the 
cirihotic piocess^^, (2) enlargement is sometimes piesent when the cirrhotic 
changes are, fiom a mechanical viewpoint, still insignificant^^, (3) the microscopic 
appearance of passive hyperemia of the spleen is different fiom the histologic 
changes m the same organ in cases of hepatic cnihosis’% (4) in experimental 
ciirhosis splenic enlaigement pieceded portal stasis and (5) enlaigement 
occuired when the spleen was dissociated from the portal circulation and implanted 
in the subcutaneous tissue of the abdomen (marsupialized spleen)^®, (6) in cases 
of portal cinhosis complicated by poital thrombosis, as in the instances collected 
by Reich,^® the splenic enlargement could easily be explained on the basis of the 
cirrhotic process alone, since it was not constant, was of model ate size and seemed 
to occur with the same frequency as in cases of uncomplicated hepatic cirrhosis 

Thus the lesults of study of the size of the spleen in hepatic cirrhosis are not 
contributoiy to the question of splenomegaly exclusively due to passive hypeiemia 

COMMENT 

The 12 instances of poital obstruction lepoited on here speak against the 
possibility that passive hypeiemia alone may pioduce a splenic enlargement of long 
duration and of some importance As long ago as 1908, Osier remaiked that 
neithei splenomegaly nor anemia is a special feature in cases of long-standing 
obliteration of the portal vein Other authors reported instances of poi tal 
thiombosis not accompanied by splenic enlargement Lack of correlation between 
stenosis of the portal vein and splenomegaly was noticed also by Simmonds m 
7 cases 


11 Klemperei Lubarsch 

12 (a) Banti, G Ueber Moibus Banti, Folia haemat 10 33, 1910 {b) Cushing, H, and 

AtacCallum, W G Two Cases of Splenectomy for Splenic Anemia Report on Pathologic 
Changes in Splenic Anemia, Arch Surg 1 1 (July) 1920 (c) Oestreich {d) McNee'"* 

{c) Brandberg ’’c 

13 Jager, E Milzbau und Kreislaufstorung I Em Beitrag /ur Entstehung von Atil/- 
veranderungen bei Stauungszustanden im Pfortadersystem, Virchows Arch f path Anat 
299 531, 1937 Oestreich Klemperer 

14 Afenon, T B The Splenic Reaction in Experimental Cirrhosis and m Precirrhotic 
Intoxication, J Path & Bact 46 521 (Atay) 1938 

15 Cameron, G R , and De Saram, G S W A Alethod for Permanently Dissociating 
the Spleen from the Portal Circulation (the “Alarsupialized” Spleen) and Its Use in the 
Study of Experimental Liver Cirrhosis, J Path & Bact 48 41 (Jan) 1939 

16 Reich, N E Portal System Thrombosis Occuiring in Portal Hypertension. Ann 
Int Aled 17 270 (Aug) 1942 

17 Osier, W, m Discussion on Splenic Enlargements Other Than Leukaemic. Bnt AI T 
2 1151 (Oct 17) 1908 

18 (o) Christellei, E, and Puskeppelies, AI Die pen-arteriellen Eisen- und Kalkin 

krustationen in der AIilz, Virchows Arch f path Anat 250 107, 1924 (&) Franke, H 

Zui Diagnose der trunkularen und terminalen Pfortaderthrombose, Afed Klin 35 1601 (Dec 
15) , 1632 (Dec 22) 1939 (c) Borrman Beitrage zur Thrombose der Pfortaderstammc 

Deutsches Arch f klin Aled 59 283, 1897 (d) Weir, J F, and Bea^er, D C Diseases 
of the Portal Vein A Re\iew of One Hundred and Twent^-Se^en Instances, Am J Digest 
Dis 8. Nutrition 1 498 (Sept) 1934 (r) Lubarsch (/) Wohlwilpc 



790 


ARCHIVES OP INTERNAL MEDICINE 


All these observations, however, weie overshadowed b}' the fact that too often 
m the literature on portal obstruction the size of the spleen was mentioned only if 
there was a marked enlargement Thus, in a study of 68 cases of occlusion of 
the portal vein Lissatier^” reported the following splenic changes leukemia in 1 
perisplenitis m 2, splenic abscesses in 2 and total infarction m 1 The spleen was 
not mentioned in the leports of the lemaimng 62 cases More recently 21 instances 
of portal obstruction fiom various causes (including 6 of obstruction due to cancer) 
were collected Webster ““ The splenic weight was given m 1 case only, m which 
it was 2,400 Gm and the diagnosis of Banti’s disease had been made Incidentally 
the thiombus was recent and could not have been the cause of the splenic enlarge- 
ment The size of the spleen was also not staled m 7 of 8 instances of portal 
thrombosis confirmed at autopsy lepoited by Pallette In the remaining case 
in which the condition had been diagnosed as Banti’s disease, the thrombus wa‘^ 
lecent and was believed to be a sequel of splenectom} This tendency to call 
attention to the spleen if it is enlarged and not to mention it otheiwise ma} he 
partly responsible for the general impression that portal thrombosis is a cause of 
splenomegaly 

A splenic enlaigement of long duration could not be obtained in experimental 
animals b} producing passive hypeiemia of the spleen Warthin’s experiments 
were among the first By ligation of the splenic vein in dogs and rabbits he 
obtained an eaily enlargement, follo^\ed by permanent atroph} of the spleen 
Consistently similar results were observed more recently,”- c\en when the obstruc- 
tion was applied progressively or mleimittently Passive hyperemia of the liver 
and of the portal venous system may also be obtained by ligation of the hepatic 
arteiy, even here, after an early enlargement of a few days’ duration, atrophy of 
the spleen ensued One should therefore conclude with Menon that these 
experiments do not support, but seem to negate, the view that the Banti syndiome 
IS due to blockage of the portal vein The only discordant opinion was formulated 
by Rousselot and Thompson These authors obtained a cirrhosis of the liver 
and a lasting splenic enlargement in dogs aftei repeated injections of small pai tides 
of silicon dioxide (silica) into the portal vein Plowever, some of the particles 
weie eventually found m the spleen itself Thus some direct damage to the spleen 
could not be ruled out, and the authors’ contention that passive hyperemia alone was 
responsible for the splenic enlargement was not proved 

The idea that passive hyperemia alone is sufficient to produce a chionic 
splenomegaly was based on a mere coincidence In most instances fibrocongestive 
splenomegaly was accompanied by portal venous sclerosis (Banti called it 
cndophlebitis), and this could give oiigin to a venous thrombosis When autopsj 

19 Lissauei, L Beitrag zur Frage der Entstehuiig dci Pfortadei thrombose, Virchows 
Arch f path Anat 192 279, 1908 

20 Webster, L T Portal Thrombosis, Bull Johns Hopkins Hosp 32 16 (Jan ) 1921 

21 Pallette, E C Portal Thrombosis, California & West Med 45 324 (Oct ) 1936 

22 (a) Menon, T B Venous Splenomegaly A Study in Experimental Portal Conges- 

tion, J Path & Bact 46 357 (March) 1938 (6) Rousselot, L M , and Thompson, W P 
Experimental Production of Congestive Splenomegaly, Proc Soc Exper Biol & Med 40 
705 (April) 1939 (c) Castigliom, G , and Pepere, M Ricerche sperimentali intese a modi- 

ficare il circolo splenico. Arch ital di anat e istol pat 11 14 (Dec ) 1939 

23 Patrassi, G, and Baggio, G L’arteria epatica come fattore propulsive del ciicolo 
portale Su alcuni effetti della legatura dell’arteria epatica sugli organi splancmci, Speri- 
mentale, Arch di biol 99 361, 1939 

24 Banti, G La splenomegalia con cirrosi epatica, Sperimentale (sez biol ) 48 407, 1894 

25 Rosenthal, N Clinical and Hematologic Studies on Banti’s Disease I The Blood 
Platelet Factor with Reference to Splenectom}’’, J A M A 84 1867 (June 20) 1925 Nageli, 



RAJ ENNA—SPLENOPORTAL J’ENOUS OBSTRUCT f ON 


791 


was pel formed after the splenomegaly had lasted a numbei of years, the venous 
changes often were so pronounced that it could be easily assumed that they were 
the oldest and the primary lesions It may be of interest m this respect to mention 
the repoit of Wallgren He described 4 patients with fibrocongestive splenomegaly 
m all of whom the portal vessels were normal Nevertheless, being unable to 
explain the splenic enlargement otherwise, he postulated that a poital stenosis must 
liave been present and described his cases as instances of “chronic splenic pyle- 
phlebostenosis ” 

Even when both the cause of the splenic enlaigement and that of the poital 
obstruction aie unknown, a complete pathologic examination and a consideration 
of the pathologic and clinical data will frequently show that the poital obstruction 
IS not the cause of the splenomegaly In each individual case difteient elements 
should be considered, but the venous occlusion should not be assumed to be the 
primary cause of the circulatoiy disturbance in the poital bed if (1) the occlusion 
is located outside the poital or splenic vein (e g in the gastric or mesenteric 
veins) and therefore does not hinder the venous letiirn from the spleen, (2) the 
occlusion IS located in the splenic or portal vein but (a) there aie large anomalous 
anastomoses between the splenic and the left renal vein (providing adequate col- 
lateral ciiculation from the spleen into the renal vein), (&) the occlusion is due to a 
thrombus situated in a dilated or clearly aneurysmal segment of the vein (which 
makes it likely that the vein was damaged previously and that the thrombosis is a 
secondary phenomenon), (c) the occlusion is due to a recent thrombus, while the 
splenomegaly is known to have lasted a long time, (d) the vein involved is tortuous 
and dilated not only distally but beyond the obstructed segment (vhich indicates 
that the poital hjqiertension occurred independently and probably before the venous 
obstruction) or (e) the splenic artery is dilated (this is important, since venous 
obstruction of any degiee cannot cause dilatation of a large artery and this possibility 
IS even more remote in the case of the spleen, for backward perfusion of this organ 
IS impossible 2^) , (3) the occlusion is due to a trauma and it is not excluded that 
this produced some lesions of the vasomotoi neives of the spleen, theieby causing 
active splenic hyperemia (this point will be discussed fuither in this study) or 
(4) there are signs of exaggerated splenic activity, such as (a) delayed physical 
development (so-called splenic infantilism), (b) leukopenia with relative mono- 
cytosis and lymphocytosis or/and (c) anemia due to depressed activity of the bone 
marrow oi to excessive hemolysis Increased activity of the spleen may indeed 
be a consequence of active hypeiemia of this oigan, but not of passive 
hypeiemia 

Reviewing the liteiatuie on splenomegalies, I did not find a single instance 
in which the diagnosis of splenomegaly of passive hyperemia may be sustained if 
the aforementioned diagnostic cnteiia are used In the great majority of cases 
the anatomic description of the vessels and organs involved is so incomplete that 
a critical evaluation is impossible In a few otheis it can be definitely stated that 

P Die Klmik dei chionisclKii Megalosplenicn, Verhandl d deutscli Gesellscli f inn Aled 
40 511, 1828 Gregoire, R Pjlethrombose et splenectomie. Sang 9 761, 1935 Moiroud 
Olmer, J , and Jouve, A X Splenomegalie sclereuse avec gastrorragies Splenectomie sun le 
de thrombose porto-mesenterique tardive, Mem Acad de chir 63 543 (April 21) 1937 
Davies S’ Ravenna ® Brandberg 

26 Wallgren, A Contribution a I’etude des splenomegalies de I’entancc (Pylepblebostenose 
splenique), Acta pasdiat (supp ) 7*1, 1927 

27 Guillery, H and Petersen, H Untei suchungen uber die Funktionen dei Milz lY 
Die Blutaufnahme und -abgabc tind die Blutspcrren der Atilz, Ztsclir f d gcs evper Afcd 
101 683, 1937 
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the diagnosis was eiioneoiis, as foi instance when the diagnosis of ihrombo- 
phlebitic splenomegaly was made and the thrombus was located m the superior 
mesenteric vein,"® the occluded vein was dilated beyond the obstiucted segment, 
a laige anomalous anastomotic vein connected the splenic and left renal ^c^ns,''" 
apparently pioviding adequate collateral cn dilation, or, finalh the splenic arter\ 
was desciibed as gieatly dilated 

If all possible diagnostic ciiteiia ate used to diflerentiate between sjilenomegah 
due to passive hypeiemia and splenonicgah complicated by portal obstruction, I 
believe that in most cases the enlargement will he classified as belonging to the 
lattei type In a few' instances it may not be possible to decide anatomicalh 
whether the portal obsti uction pi eceded or follow cd the splcnomcgal) . and in some 
exceptional case it may even be clcai th.it the portal obsti uetion jirecedcd To 
classify these instances piopeil} it is well to remember that neither pathologic noi 
experimental evidence supports the possibiliU of a chiomc splcnomcgah cxclusneh 
due to passive hypeiemia 

Foi instance, a case is on letord''- in winch the siilenie cnlaigcment de\ eloped 
aftei a tiauma -which also caused constiietion of the splenic \cm During splen- 
eetomy the “portal vessels” weic seen to he tortuous and dilated Since the 
obsti uction of the splenic vein did not pie\cnt a dilatation of the \cins distal to 
the obstacle, it could not haee had a deteimimng eflcet m the jnoduction of the 
splenic hypeiemia Rather, it seems likcl} that the mechanism was a lesion (com- 
pression, seveiance) of the splenic ncr\cs running alongside the splenic artery and 
that the consequent vasoinotoi jiaialssis produced actnc Inpeicmia of the spleen 

The assumption that the siilcnomegah m Banti’s syndrome may be due to a 
lesion of the neives of the spleen was jnoposed b} Ban In the autops} protocols 
of Michael Reese Hospital 1 lound the description of a case which seems to 
substantiate this hypothesis 

The patient was a girl who at the age ot 3 '/^ }cars fell out of bed and 
immediately aftei wai cl complained of Molent abdominal pain Two weeks latei 
she had a sudden hcmatcmcsis, which iccurred se\eral tunes during the follow'ing 
ycais When she was 11 }cais old an enlaigcd fibrocongestive cpleen was removed 
but the gastiic hemorihagcs iccuircd aftei the opciation, causing death one yeai 
latei At the autopS) an cioded varicose vein ncai the caidiac end of the stomach 
was interpietcd as the cause of the final hcmoirhage The mechanism of the portal 

28 Lucchi, G Morbo di Banti a lentibsmio dccorso c splcnonicgaha troniboflebitica con 
trombosi della vena mesenteiica '^upcriorc, Ru ch clin med 35 421 (Jul> 15) 1934 

29 Dubois-Roqucbert and Sigault Spk'noniegalie thrombopblcbitiqnc, Mem Acad de cbir 
66 295 (Feb 28-March 6) 1940 

30 Arngoni, A Anemia cmohtica, second iria a reticolo-endotchosi sistcmica, subentrantc 
a smdrome tromboflcbitica delH splenica, Mtd ital 16 531 (Aug ) 1935 Simonds, J P 
Chronic Occlusion of the Poital Vein, Arch Surg 33 397 (Sept) 1936 Haintz, E, and 
Romhanyi, G Stenose dcr Vena portae mit S%mptomcn dcr Thrombose der Vena henahs, 
Ztschr f kliii Med 135 06, 1938 

31 (a) Onsy, A B The Pathogenesis of Endemic (Egyptian) Splenomegaly, Tr Roj Soc 

Trop Med & Hyg 30 583 (April) 1937 (b) Olmcr, J , Vague, J , and Dumon-Legre, M 

Splenopathie cirrhogene avee calcification de la vcinc splcniquc, Ann d’anat path 16 90S 
(July) 1939 (c) Christeller and Puskeppdics (rf) Edens Ucbei Milzcenenthrombosc, 

Pfortaderthrombose und bantische Krankheit, Mitt a d Grenzgeb d Med u Chir 18 59, 
1908 (e) Brahmc, L Ein Fall a on chromschen Pfoitahindeims, Acta med ScandmaA 

61 175, 1924 

32 Thompson, W P The Pathogenesis of Banti’s Disease, Ann Int kfed 14 255 
(Aug ) 1940 

33 Barr, J Three Cases of Banti's Disease, Lancet 2 493 (Aug 23) 1902 



RAVENNA— SPLENO PORTAL VENOUS OBSTRUCl ION 


793 


liypertension causing the gastric varices was not explained at autopsy, for no 
obstacle whatsoever was seen in the poital venous system or in the liver 

The case presents a striking similarity to an instance reported by Cesa-Bianchi 
and Celhna Their patient was a healthy boy who at the age of 9 yeai s fell and 
leceived a violent contusion m the abdomen Twelve houis latei he had a severe 
hematemesis At that time splenomegaly and anemia with leukopenia were found 
^After two years of relative well-being he had a sudden hematemesis, which was 
followed by death At autopsy, a fibrocongestive splenomegaly with many scleiosid- 
erotic nodules was noted, but no obstacle to the portal flow A few small patches 
of intimal thickening represented the only lesion of the portal venous system llie 
possibility that the trauma was lesponsible for a lesion of the nervous system 
producing splenic congestion must be seriously consideied in these instances This 
splenomegaly would have the same origin as the splenic enlaigement obtained 
experimentally by denervation of the spleen A nei vous mechanism might also 
be responsible for the splenomegaly m cases in which the disease developed in 
patients with adrenal deficiency This would explain the lapid and marked 

1 eduction of splenic size obtained m some instances by lepeatedly injecting 
epinephrine hydrochloride intravenously 

In the pathogenesis of fibrocongestive splenomegaly, howevei , a pui ely nervous 
mechanism is probably rather infiequent In most instances the splenic enlarge- 
ment IS due to toxic, infectious or parasitic damage to the splenic parenchyma 
itself ^ 

It IS impossible to say at present how many examples of the Banti syndiome 
previously classified as splenomegaly caused by passive hyperemia were due to 
an infection of the spleen The difficulty lies in the fact that, even in known 
specific infections and infestations, the finding of the etiologic agent and of 
inflammatory lesions in the spleen is extremely lare The development of the 
knowledge of the pathogenesis of schistosomial splenomegaly offers an interesting 
example of the difficulties involved This disease was called “endemic Egyptian 
splenomegaly,” and as long as its cause was unknown it was considered identical 
with Banti’s disease When ova of Schistosoma were found in the livers of man} 
patients, it was thought that the splenomegaly was the consequence of passive 
hyperemia due to parasitic obstruction of the poital vein Finally, by means of 
more accurate and extensive research,®^” ova were found inside the spleen itself, 
but in small numbei and showing advanced regressive changes It was also 
noticed that the splenic artery was greatly dilated Theiefoie it seems that, thougli 
the spleen rapidly destroys the parasite, parenchymal changes ensue, which aie 
responsible for the splenic enlargement Portal obstruction, which occuis rarely 
and late in this condition, should be a factoi of little, if any, impoitance 

34 Cesa Bianchi, D , and Celhna, M Morbo di Banti e smdromi affini, Rome, Lumi Pozzi 
1939 

35 von Tarchanoff, F Ueber die Innervation der Milz und dercn Beziehung zur Leuco- 
cythamie, Arch f d ges Physiol 8 97, 1874 Henschen, C, and Howald, R Die 
anatomischen und klinisch-physiologischen Folgen der operativen Entnervung der Milz 
Expenmentelle Untersuchungen, Arch f khn Chir 157 667, 1929 Barcroft, J, and Elliott, 
R H E Some Observation on the Denervated Spleen, J Physiol 87 189 (July) 1936' 
Pasquahno, G Ricerche preliminari sulla provocazione di una possibile ipersplema terapeu- 
tica, Biochim e terap sper 25 327 (July 31) 1938 Sugimura, M Ueber Milzentnervumr 
Arch f khn Chir 197.169, 1939 

36 Galluppi, A Malattia di Banti e affezioni sistematizzate del reticolo-endoteho, Clin 
med ital 60 183 (May-June) 1929 Cesans Demel, V Consideraziom sull’atonia dell’appa- 
rato muscolare contrattile della milza nella patogenesi di alcune splenomegahe, Baglivi 1-200, 
1935 Lenzi, F Sindrome bantiana Splenomegaha fibroso-congestizia prevalentemente fibrosa 
(contributo chmco, ipotesi patogenetiche), Haematologica 22 47, 1940 
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SUM:\rARY AND C0^CLUS10^S 

The assumption that fibi ocongeslive splenomegaly may he clue to passive 
hypeiemia is not satisfactoi y, because it fails to explain seveial facts observed m 
tins condition Only the finding of some t}pc of venous obstruction in a large 
numbei of cases of fibiocongestive splenomegaly seems to speak in favor of passive 
hyperemia as cause of splenomegaly Howexei, such obstruction was missing in 
seveial cases, and if piesent it was found in late stages of the disease There are 
se\eial often ovei looked signs winch may be of assistance in deciding whether the 
obstiuction pieceded oi followed the onset of the splenic enlargement 

In 12 consecutne instances m which poital obstiuction -was suieh independent 
of a splenic disease the spleen nas not ap])ieciably larger than normal In 3 
of them it was smallei than noimal This agiees mth the ohsenations that 
the expel imental ligation of the splenic vein pioduces not cnlaigcment hut atrophj 
of the spleen and that cliiomc passive hypeiemia due to cardiac failure docs not 
cause maiked cnlaigcment of the spleen and often induces its atiopln 

It is theiefoie concluded that (1) passne h}peiemia alone is not sufficient 
loi the pioduction of cliiomc splenic enlaigemcnt, ( 2 ) obstiuction of the jiortal 
Aenoiis cneulation m eases of fibioeongestne sjilenomcgah lepiesents not the 
cause but a complication of the splenic disease, and (3) teims such as iiriinary 
splenic thiomho])hlcbitis phlebosclciosis jihlehostenosis e.i\ ei nom.itoiis transfoinia- 
tion of the poital vein with sccondan splcnomcgal} and splenomegal} of passne 
hjpciemia aie misnomeis, because the\ icprescnt an cironeoiis conception as to 
pathogenesis, and should not be used In most of the cases collected iindei such 
headings the splenomcg<il\ constitutes the ])i iniai \ change 
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MOTONEURON 

At the termination of every reflex arc we find a final neuione, the ultimate conductne link 
to an effector organ, gland, or muscle This last link in the chain — e g , the motoneurone — 
differs obviously in one important respect from the first link in the chain It does not subserve 
exclusively impulses generated at one single receptive source alone, but receives impulses from 
many receptive sources situate m many and various regions of the body 

Thus in 1904 Sherrington^ desciibed the “final common path” of neivous 
impulses fiom anterioi horn cell in the spinal coid to motoi end plate in the striated 
muscle On his work depends most of the knowledge of the leflex function of cord 
and muscle, and recent work is largely elaboiation of what he began During the 
last two 3 'eais several important discoveries have been made in this field 

In the first place, Elliott - has shown that the distribution of the somatic motoi 
cells of the vential giay columns of the spinal cord is not as usually described by 
anatomists These cells, which, with their axons, constitute the final common 
pathway to the voluntary muscles, were usually consideied to have a segmental 
distiibution even in the lumbosacial and ceivical enlaigements At the center of 
a spinal segment theie was supposed to be a mass of cells that spindled off at the 
limits of the segment, so that a pictuie of one of the cell columns would look like 
a string of spindle-shaped beads Elliott found that this is not the case , the motoi 
cells in the adult human coid aie arianged m long nuclear masses which are not 
segmentally determined but have conspicuous functional lelationships For example, 
the long medial mass in the cervical and lumbai regions selves the saciospinahs 
and other tiunk muscles, while the lateral masses serve the aims and legs 

The motoneuron does not have the simple leflex connections that neurologists 
show in diagrams of spinal reflex arcs Sheirington conceived of a “motoneurone 
pool” in the spinal giay mattei into which motoi tiacts and leflex aics discharged 
From the histologic standpoint this takes in a gioup of ventral hoin cells and the 
many small inteinuncial neuions clusteied about them Most motor tiacts from 
above, dischaiging on the inteinuncial cells, make a leflex aic of moie than three 
neurons Lloyd, ^ at the Rockefeller Institute, has applied micro-oscillogiaphic leads 
to various areas of the spinal gray mattei, and by ph} siologic analysis of the electro- 
neuiogiams has been able to show that the pyiamidal tract plays on these intei- 
nuncial neuions in at least three legions of the gray mattei He has also been able 
to distinguish between the discharges of laige and of small m 3 ^ehnated fibers and 
between the dischaiges of reflex arcs made up of onU two neurons and those made 
up of several neurons The simple two neuion aic consists of a laige fibei from 
a muscle which connects directly with a vential horn cell These aics mediate 

From the department of Neuropsychiatry, Harvard Umversitj, and the Department of 

Psychiatr 3 ', Massachusetts General Hospital 

1 Denn} -Brown, D Selected Writings of Sir Charles Sherrington, New York Paul B 
Hoeber, Inc, 1940 

2 Elhott, H C ‘ Am J Anat 70 95, 1942 

3 Lloyd, D P C J Neurophysiol 4 52S, 1941 

4 Llojd, D P C J Neurophysiol (a) 6 111 and 143, 1943, (b) 6 293 and 317, 1943 
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myotatic leflexes Moieovei, leflex activity ovei extensoi two neiiion arcs is 
inhibited by the action of the multineuron aics In some experiments the activit} 
of the Intel nuncial neurons was suspended by pyramidal tract discharges This 
suggests that the mechanism for reciprocal innervation may he in the premoto- 
neuron mternuncial system McCouch “ supports such a hypothesis by finding 
that m sjiinal i eflexes the locus of inhibition seems to be m the mternuncial neurons 
Thus the experimenters with this intricate electroph) siologic technic are slowly 
piecing togethei the puz/le , when the picture is complete the physiologist will be 
able to understand motor facilitation, inhibition and reciprocal movement The 
clinician may have a bettei undei standing of flaccid paialjsis, spasm, incoordination, 
clonus and tremor 

Paul Weiss ° has foi sevei al years been working on the mechanics of nerve 
growth m the zoologic laboratoiies of the Univeisity of Chicago This subject 
is well summaiized in the third growth symposium,’’ and references are theie 
given to his detailed \vork in various biologic journals The important point is 
that recent experiments on living nerve tissue, beginning with those of Harrison " 
and ending with those of Weiss, have shown that the forniei theories of neuio- 
biotaxis and chemotaxis do not hold, axons do not giow out to reach then 
appropriate end organ because of some inj sterious humoi that attracts them thereto 
The peripheial end of the growing oi regenerating axon sends off large numbeis 
of fine protoplasmic filaments A few of these find their way to the muscle (if it is 
a motor neive), and aftei functional connection is established the other, unsuc- 
cessful filaments degenerate Just vhat chemical reaction causes this phenomenon 
is not known, but similar reactions are known in othei biologic processes In the 
case of the axon that is legenerating after injury, the task of the many w’andering 
filaments is to find the old pathway to the distant muscle This path lies in the 
nerve sheaths left empty wdien the axons degeneiated Some of the axons find 
these old tubes and giow' dowm into them simply because it is the path of least 
lesistance The proce-is is determined by numerical chance and mechanical 
advantage In his most recent w'ork, stimulated by the w’ai, Weiss’* has developed 
new methods of nerve splicing and nerve grafting Suturelcss splicing can be 
accomplished by joining the ends of the severed nerve in a sleeve of fresh or frozen 
and dried ai ter} thus guiding the axons to the proper channel Also pieces of 
nerve can be fiozen and dried and stored for latei use as nerve giafts 

Young, in the depaitment of zoology at Oxford, has also been woiking on 
the process of legeneration in nerve and muscle He summarized his w'ork in a 
])aper at the last meeting of the Ameiican Neuiological Association His expeii- 
ments complement those of Weiss Pie has showm that in suigical union of nerves 
containing large and small fibers the diametei of the regenerating fibeis depends 
on the volume of the piotoplasmic nerve outgiowdhs (“axoplasm”) and on the 
si/e of the tubes m the peiipheial stump into which they flow Motor blanches oi 
a mixed nerve regenerate laigei fibers than the sensoiy blanches It is impoitant 
to have the receiving tubes of the stump large enough to receive the motor fila- 
ments, so the suture must not be delayed too long lest the peiipheial stump atrophy 
and shrink, and if a graft is used a nerve must be chosen wnth laige enough tubes 

5 McCouch, G P , Hughes, J, and Steivart, W B J Neurophjsiol 4 547, 1941 

6 Weiss, P Growth (supp ) 5 163, 1941 

7 Harrison, R G Proc Roy Soc , London s B 118 155, 1935 

8 Weiss, P Tr Am Neurol A, 1943, to be published , 

9 Weiss, P , and Davis, H J Neurophysiol 6 269, 1943 

10 Young, J Z Ti Am Neurol A , 1943, to be published 
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Si/e IS impoi taut also, because no function returns until the fibei s gam an adequate 
diameter This takes thirty-seven da}S m the nearest part of the peripheral stump 
m a rabbit In man the process is probably slowei , so there is considerable delay 
111 the start of i egeneration, even under the best conditions Once staited, the 
functionally complete regeneration advances at the rate of 2 6 mm per day In 
man the rate is variable, the old estimate of 1 mm per da}’- is probably too slow 
Fibers arriving at unatrophied muscle innervate the old end plates immediately, if 
regeneration is delayed the old end plates atrophy and new ones must be made 
This IS a slow piocess, and if regeneration of the nerve is too long delayed the 
atrophied muscle may never completely recover 

MUSCLE AND MYONEURAL JUNCTION 

Caiey has been studying muscle and motor end plates His investigations 
into the morphology and mechanics of the cross stnations of skeletal muscle seem 
to finally get iid of the “saicomere,” which he consideis “a morphological myth 
which has existed m the hteratme foi over 100 years ” Molecular pressure waves 
111 the minute tubulai structuie of the muscle seem to be lesponsible for the dif- 
ferent appearances seen, physical and chemical conditions varying with function, 
therefore determine the appearance of the “stnations ” The variations m structure 
seen m degenerating muscles aie structuial not in the histologic but m the bio- 
chemical sense Carey’s work on the end plates is of even more importance for 
understanding the physiology and pathology of the motoneuron He has observed 
tliat the motor neive plates in skeletal muscle enlaige when the muscle is stimulated 
to gieat activity, often they spread out to twice their noimal size Moreover, they 
change rapidly as the muscle works, expanding as the muscle contracts and retract- 
ing as It relaxes The increase in surface area of the plate may favor the trans- 
mission of the nerve impulse to the muscle substance by inci ease of the surface area 
of the plate The retracted motor nerve plates are related to muscle fibers with 
coarse, widely spaced stnations, the expanded plates are related to fine, closely 
spaced cross stnations These stiuctural changes suggest the coirectness of the 
chemical theory of the transmission of the nerve impulse 

Fulton and Nachmansohn have developed a new concept of the transmission 
of the neive impulse, in axons as well as across synapses and acioss the myoneural 
junction (end plate to sarcoplasm) The “electrical” and “chemical” theones of 
tiansmission are conciliated by showing that acetylcholine can be metabolized at as 
high a rate as is required by the assumption that it is a transmitter of nerve impulses 
known to pass the myoneural junction m a few milliseconds Actually it was the 
enzyme choline esterase with which Nachmansohn worked, and he showed m some 
lemarkable experiments on the electiic oigans of fishes and the giant axons of squids 
that the concentration of choline esterase is sufficiently high to indicate that acetyl- 
choline IS formed and metabolizes at a rate sufficiently rapid to pi opagate an impulse 
along axons at a rate compatible with observed neive transmisson Moreover, the 
acetylcholine metabolism is intrinsically connected with the electrical discharge, 
theie being found a close parallelism betw^een the voltage of the action potentials 
and the concentration of choline esterase 

11 Carey, E J , Zeit, W, and Massopust, L Am J Anat 70 119, 1942, Wave l\Iedianics 
in Striated Muscle Effects of Experimental Variations in Temperature and of Micro- 
capillarity on Cross Stnations m Muscle, Arch Path 30*1041 (No\ ) 1940 

12 Carey, E J Am J Path 18 237, 1942 

1 3 Fulton, J F , and Nachmansohn, D Science 97 569, 1943 
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All these new obseivalions bung the physiologist neaiei to an undei standing 
of the conti action of muscle, which Fenn^‘ has vigoiously desciibed in his 
monograph 

Unlike other cells, ho\\ever, the muscle cell can be con\cnicntly stimulated to contraction, 
thereby bringing about an almost instantaneous transformation of its shape and its cjtology, 
its mechanical and electrical state, its temperature, chemical composition and rate of respiration 
Thus at the desire of the experimenter a whole senes of new chemical reactions can be thrown 
into activity m an orderly and leproducible mannei This sudden transformation so produced 
may be properly described as an explosion The muscle is a self-cocking explosive machine 
with a convenient trigger The explosion turns chemical potential energy into mechanical energy 
Thus the machine is useful We can use it to heave locks, sew on buttons, or for the still 
more delicate task of dissecting another muscle from the leg of a flv It has a highlj orderlv 
structure of both microscopic and sub-microscopic dimensions !Many refined optical methods 
arc available for the examination of this structure and the changes incident to the contraction 
The forces dcvelojicd in a muscle “explosion” are of ama7ing magnitude Some of our tendons 
transmit forces of the order of half a ton Single fibers of the muscle can also be isolated 
in Ringer’s solution b}’ painstaking dissection, and the resulting thrcids of muscle contract 
vigorously for davs and exert relatively large forces 

The great enigma, howevei, remains unsolved How is the chemical energ)’’ 
tiansfoimed into mechanical encigy^ 

RLLATION TO THE PROBLEMS OE POLIOM\ ELI I IS 

It IS obvious that all phenomena of the motoneuion, m}oneuial junction and 
muscle aie impoitant foi the understanding of infantile paralysis (poliomyelitis) 
Within the last two years the “Kenny tieatment”^® for acute and chronic polio- 
myelitis has become famous It was at fiist em])iric, but it is now based on a concept 
of pathology and djsfunction quite at variance with the oithodox understanding 
of the process The adherents of the Kenny theoiy considei that infantile paralysis 
does harm by “spasm” of the affected muscles, not by flaccid paralysis The 
antagonistic muscles crtc said to show “alienation” and unless retrained may 
peimanently lose function Othei muscles aie said to show “incooi dination ” 
Treatment is directed especially at the muscles in “spasm,” because allo\Mng the 
spastic state to continue is supposed to cause the paralysis Some physicians have 
accepted the “Kenny concept” to a greatei oi less extent Kabat and Knapp 
have studied the “muscle spasm” in acute poliomyelitis and explain it as a lelease 
phenomenon, caused by lesions of the mteinuncial neuions in the spinal giaj matter, 
with spaiing of the vential horn cells They do not, howevei, explain what is 
released to cause the spasm They seem to imply that the vential hoin cell itself 
is set free from its connecting neuions and thus goes into excessive activTty — 
an unheard-of sort of neui ophysiologic activity, because motoi neive cells need 
something to set them off, they aie units depending on leflex stimulation and if 
left alone do not go on dischaiging They also overlook the possibility that the 
lesions of the gray matter and meninges may act on the motor nerve cells and their 
axons as direct irritants, causing acute stimulation for a time Perhaps the simple 
two neuron arcs of Llojxl aie released when the internuncial neuions are injured, 
but this mechanism at best would produce a very slight postuial contraction of the 
muscle The main thesis of Kabat and Knapp’s paper is that prostigmme causes 
relaxation of the muscle spasms of poliomyelitis and makes for more rapid recovery 

14 Fenn, W O Muscle, in Cattell, J Biological Symposia, Lancaster, Pa, Jaques 
Cattell Press, 1941, vol 3, p 2 

15 Pohl, J F, and Kenny, E Kenny Concept of Infantile Paralysis and Its Treatment, 
Minneapolis, Bruce Publishing Co , 1943 

16 Kabat, H, and Knapp, M E The Use of Prostigmme in the Treatment of Polio- 
myelitis, JAMA 122 989 (Aug 7) 1943 
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Their data on this point aie certainty suggestive, but wjth the many variables in 
recovery rate and the fact that hot foments were also used, they seem hardly 
justified in stating that “the drug significantly increased the range of passive 
motion, decreased oi eliminated deformities m some instances by relaxation of 
hypertonus and m some cases improved active motion ” Just how the postigmme 
might act to give these results is not clear In all probability the use of prostigmine 
can be looked on as a method of setting free more acetylcholine by inhibiting 
choline esterase One would expect this to increase the function over the remaining 
reflex aics, rathei than diminish it 

At the New York Neuiological Institute spasm of muscles and degeneration 
were studied by Moldavei m 49 cases of poliomyelitis He used the electrical 
methods of measuimg chronaxia and making electromyogi ams He controverts 
quite flatty the Kenny findings Using objective methods, he has found that muscle 
spasm” does not lead to neui omusculai degeneration and that the antagonists of 
the involved muscles, the “alienated muscles,” have lost power because of damage 
to the motoneuion in the coid The “incoordination,” if found at all, is not what 
neurologists recognize under that name, but the effect of partial paralysis 

Watkins, Brazier and Schwab,^® woiking independently and using different but 
equally sound objective electrophysiologic methods, also disagree with the “Kenny 
concept” of the pathologic process m poliomyelitis They summarize their findings 
by saying 

1 In poliomyelitis the term “muscle spasm” is inadequate to describe the complexity of 
dysfunction which is revealed by electromyography 

2 In the acute stage, only muscles with some degree of paralysis discharge electrical 
potentials at rest , these electrical abnormalities are not correlated with the presence of clinical 
“spasm ” 

3 Partially paralyzed muscles are hypenrritable to passive stretching as indicated by elec- 

trical discharges and pam, the muscle tension thus developed appeals to be a reflex protective 
mechanism ^ 

4 The electrical activity in paretic muscles at rest increases during the period of improving 
motor power, and the pattern of discharges corresponds with that seen in muscles during 
regeneration of peripheral nerves When improvement in motor power ceases, spontaneous 
electrical dischaiges disappear 

5 No abnormal electrical activity is associated with the muscle contractures of the late stage 
of iKiliomyelitis, nor are any discharges present in completely paralyzed muscles 

6 The concept of “mental alienation” does not contribute to the explanation of paresis 
in our cases, since objective signs of a disease process were always present m the paretic 
antagonists of muscles in “spasm ” 

7 Increase of voltage of action potentials dm mg successive ergographic tests is an index 
of recovery of motor power 

8 Of the three concepts of Kennj, the only one upheld by our objective measurements is 
that of “incoordination,” although the term is misleading We demonstrated not only simul- 
taneous activation of protagonists and antagonists, but also intermittent synchrony of individual 
discharges from opposing muscles, such as is found in peripheral nerve injuries during regenera- 
tion of axons Disordered reciprocal innervation seems to be a more descriptive term for this 
type of dysfunction 

Thus It IS being demonsti ated once more in the history of medicine that new 
and empiiic methods of tieatment, backed by uncritical enthusiasm, may produce 
many cuies but much physiologic nonsense The treatment may be good, but 
the ex post facto lationalizations of the theiapeutist aie usually bad 

17 A'loldaver, J Physiopathologic Aspect of the Disorders of Muscles in Infantile Paralvsis 

J A AI A 123 74 (Sept 11) 1943 ’ 

18 AVatkins, A , Brazier, AI A B , and Schwab, R S Concept of Muscle Dysfunction 
in Bolionnehtis, Based on Electromjographic Studies, J A Af A 123 188 (Sept 25) 1943 
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MYASTHENIA GRAVIS 

It has been knovn loi jears that the tlnmus gland is hypei plastic or neoplastic 
in about half the cases of myasthenia gravis Irradiation with roentgen rays was 
tried some yeais ago, but the therapeutic effect was found to be variable In a 
few cases theie was improvement, m the majority there was none Not until the 
last eight years had thoracic surgery advanced to a point where operative removal 
of the thymus might be tried Blalock and his colleagues at first removed a cystic 
tumoi fiom the tlnmus with lehef of myasthenia and then turned their attention 
to opeiation on thymic glands that showed no disease by clinical or roentgenographic 
examination Six patients were tieated b) removal of all surgically available 
thymus tissue In 5 of these the tissue was consideied hyperplastic Three of 
the patients have shown continued improvement in their myasthenic symptoms 

These results should not be considered discouraging if they are compared with 
the early work on removal of the thyroid and the parathyroids Roentgen irradiation 
was tried m this field and found wanting because of the unpredictability of the 
results Surgical lemoval was at first moderately successful and is now satisfactory 
With myasthenia gravis it may well be that the disappointing cases are those in 
which thymic tissue not only lies in the substernal region but has spread into less 
surgically accessible areas Patients whose cases suggested this have been operated 
on by Cope at the Massachusetts General Hospital 

Viets has been carrying on a systematic study of mj asthenia gravis from the 
medical and neuiologic standpoints By running a special outpatient clinic, he has 
kept a laige group of these relatively rare patients, and has been able to make many 
observations With Schwab he has worked out a diagnostic test by the use of 
prostigmine A dose of 1 5 mg of prostigmine meth) Isulfate with 0 6 mg of 
atropine sulfate is given intramuscularly Examination of muscular function is 
made thereafter every^ ten minutes foi an hour The presence and the amount of 
improvement m muscular strength are a great aid in making the diagnosis One 
must be careful not to give the drug in cases of progressive muscular atrophy and 
amyotrophic lateral sclerosis, in wdiich bulbai palsy might be pi ecipitated w ith fatal 
results They have found -- that pregnancy^ generally' causes an impiovement in 
symptoms Stnckroot and his associates report a case m w'hich a mother with the 
disease gave birth to a myasthenic child This is the first case repoited, as far as I 
know, of direct inheritance of the disease, but it has been classified among the 
instances of familial myopathy on the basis of the close relationship of the condition 
to the inheritable endociine dyscrasias of the thymus and the thyroid The recent 
surgical work just leported on makes this view more tenable, since it points to the 
possibility that myasthenia gravis is more a metabolic or endocrine than a neurologic 
disease This concept is supported by the physiologic w'ork of Harvey, Lihenthal 
and Talbot,®® who have found electromyographic evidence that the disturbance in 
myasthenia is at the neuromusculai junction (motor end plates) and that the 

19 Blalock, A , Har\ey, A M , Ford, F R, and Lihenthal, J L, Jr Treatment of 
Myasthenia Gravis by Removal of Thymus Gland, JAMA 117 1529 (Nov 1) 1941 
Blalock, A , Mason, M F , Morgan, H J , and Riven, S S Ann Surg 110 544, 1939 

20 Cope, O Personal communication to the autlior 

21 Schwab, R S , and Viets, H R New England J Med 219 226, 1938 

22 Viets, H R , Schwab, R S , and Brazier, M A B Effect of Pregnancy on Course of 

Myasthenia Gravis, JAMA 119 236 (May 16) 1942 ^ 

23 Stnckroot, F L , Schaeffer, R L , and Bergo, H L Myasthenia Gravis Occurring 
in Infant Born of Myasthenic Mother, JAMA 120 1207 (Dec 12) 1942 

24 Aring, C , and Cobb, S Medicine 14 77, 1935 

25 Harvey, A , Lihenthal, J L, Jr, and Talbot, S A Bull Johns Hopkins Hosp 
69 547, 1941 
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disorder lesembles that caused cuiaie It could result from a deficiency in 
acetylcholine or an mciease in the stimulation thieshold of the end plates Ayer 
and Reese-" have wiitten comprehensive leviews of this subject 

CONFIRMATION OF FREUDIAN THEORIES 

Many leadeis in the fields of medicine, psychology, anthiopology and sociology 
would accept the statement that Freud made the gieatest contribution of his time 
to the study of personality In medicine the study of personality has always been 
lecogmzed as impoitant, but m the last few years it has been emeiging from the age- 
old stage of intuition and “common sense” to a level that at last is beginning to be 
scientific It IS beginning to be appreciated that inteipeisonal relations have a 
direct beating on the problems of inteinal medicine and surgery as well as on those 
of psychiati) Three lecent books maik an advance m this field Muriay's 
“Exploration m Personality,” 1938 , Rapaport’s “Emotions and Memory,” 1942,^° 

and Sears’s “Survey of Objective Studies of Psychoanalytic Concepts, 1943 All 
three of these books attempt to bring together psychoanalysis and expeiimental 
psj-chology A recent editorial m The Jownal of the American Medical Asso- 
ciation states that “the criteria for judging freudianism as a scientific contribution 
must be the same as those employed in judging any other scientific discipline ” With 
this sound pronouncement I agree The three books mentioned all contain sections 
which aie attempts to evaluate fieudian obseivation and theoiy by nonfieudian 
psychologic technics Sears’s monograph is fiankly devoted to this object Murray’s 
book®^ IS the first comprehensive attempt along this line He says “Our work 
IS the natural child of the deep, significant, metaphorical, provocative and question- 
able speculations of psychoanalysis and the piecise, systematic, statistical, trivial 
and artificial methods of academic personology” Rapaport has investigated an 
impoitant phase of repression 

The 1 epoi t by the Social Science Research Council on Psychoanalytic Concepts 
IS timely and important It was prepared by Robeit R Sears, Professor of Child 
Psychology at the University of Iowa, foi the Council’s Committee on Social 
Adjustment It is a book of 156 pages devoted to the appraisal of freudian theoiy 
by means of objective investigation, both obsei vational and experimental (some by 
psychoanalysts, but much by investigators trained in other schools) As yet theie 
have been onl)’- a few attempts to apply the experimental method Some, howevei, 
are significant, and, as already suggested, eveiy one inteiested in the field should 
agree that the freudian concepts must be tested by other than psychoanalytic methods 
before the theoi}'- can be accepted as fact A start is being made in this direction 

The theory of lepression is probably the most fundamental of Freud’s concepts 
Rapapoit’s book could be loughly described as an “investigation of repression,” 
but this would be unfair, because he is caieful to show that woids must be exactly 
defined and fields delineated before a project is begun He summarizes by saying 

Originally our problem was posed by the fact that in the taking of case-histories, clinical 
psj chologists and psychiatrists and other medical men frequently find that the patient “forgets” 
to give what is obviously the most pertinent information, or unwittingly gives false replies 

26 Ayer, J B New England J Med 228 422, 1943 

27 Reese, H H , Lewis, N D C, and Sevringhaus, E L 1942 Year Book of Neurolog\, 
Psychiatry and Endocrinology, Chicago, Year Book Publishers, Inc, 1943 

28 Murraj', H A Exploration in Personality, New York, Oxford University Press, 1938 

29 Rapaport, D Emotions and Memory, Baltimore, Williams & Wilkins Company, 1942 

30 Sears, R R Survey of Objective Studies of Psychoanalytic Concepts, Bulletin 51, 
Committee on Social Adjustment, New York, Social Science Research Council, 1942 

31 Psychoanalysis and the Scientific Metliod, editorial, JAMA 122 811 (July 17) 1943 

32 Previously reviewed (Arch Neurol &. Psjchiat 44 1152 [Dec] 1940) 
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to crucial questions These peculiar phenomena of “forgetting,” as well as the gcneralired 
amnesias to w'hich it w'as considered intimately related, were concQued and designated as being 
of an “emotional origin ” Our task w'as to investigate whethei and in wdiat sense this is 
generally maintained, and what the basis of the assertion is 

The task compnsed reviewing a laige mass of liteiaturc and pei forming man} 
special tests The conclusion is that the piocesses of peiception, memory and 
forgetting ai e closely connected with emotional feelings The pi oblem grew larger 
as the woik pioceeded, and why a person lemembers ceitain events, why attention 
and interest aie heightened, appears closely related to why one lepresses and 
forgets othei events Fiend’s theory is substantiated, but tbe problem is found to 
be widei , “emotions and memory” ai e found to encompass a large part of thinking 

The essence of Fiend’s idea of icpiession lies m the elimination from conscious- 
ness of all ideas oi memoiies that might help to leactivate a painful anxiety In 
addition to this piimal soit of icpiession theic is an associative amnesia, i e 
many memories entiicly uni elated in content can be lejnessed simply because the} 
had a time relation with the anxiety leaction cieated b} parental punishment of 
stiongly motivated behavior Since sex behavior m children is one of the most 
consistently punished foims of action m Western civilization, sex is one of the 
most frequent sources of lepiession By such a mechanism Fieud explains the 
amnesia foi most of the experiences of pi cschool } eai s 

It is well known that an amnesia something like that postulated in the theor\ 
of repiession can be induced by hypnosis The phenomena of poslhypnotic sug- 
gestion in which a person peifoiins some foolish act some time after awakening 
fiom the hypnotic state and has no idea vhy he docs the act ceitainly show that 
mental piocesses can be made subconscious and can continue to act at that level 
No experiments, how'evei, seem to tliiow much light on repiession itself and wdiethei 
anxiety and unpleasantness aie factois in its induction Such data as there aie 
suggest that unpleasantness mterfeies wnth ineinoi} The thcoiy that amnesia for 
events occuiring before the age of 5 yeais is due to lepression is controverted by 
some investigations which show cleaily that learning functions in infants are not 
w’^ell developed, the memoiizing pioccss is poor at this age and parallels the poor 
lecall foi infantile expeiiences 

The libido theoiy postulates that all dines to emotional lelations wnth others 
aie, broadly speaking, sexual m origin In short, love and hate of all types are 
libidinal Few persons w'ould doubt the validity of the generalization after con- 
templating the diflerences betw^een the bull and the ox The theory carries wnth 
it, howevei, the corollaiy that the infant must have libido at birth and that sexual 
behavioi must begin m eailiest infancy It w^as this idea of infantile sexuality 
which bi ought dowm on Fiend’s head the greatest stoim of criticism This is 
easily explained b} the cultuial attitude tow aid sex in Europe thirty }ears ago 
Since then observations on infants and nuiseiy school childien have recoided “such 
a tremendous numbei of instances of behavior oiganized aiound oial, anal, urethral 
and genital functions and ideas that Fiend may be fieed foreveinioie of any charge 
of ovei estimating the fiequency of such behavioi ” Neveitheless it must be 
lemembered that Fiend did not W'oik wnth childien, he got his data laigely from 
psychoneui otic adults who lecalled and lepoiled to him then childhood behavioi 
These clinical data were slowly amassed and eventually led to the description 
of infantile libidinal development as first oral, then anal and urethial and finally 
genital Malinowski’s woik, how^evei, show^s that genital play occurs veiy eaily 
in certain savage tubes among wdiom it is not lepiessed 

33 Child, I L J Abnorm Psychol 35 453, 1940 

34 Malinowski, B Psychoanal Rev 14 20, 1927 
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Wony over sex differences, fear of losing the penis by boys (“castiation 
complex”) and a desire to have a penis among giils (“penis envy”) are also 
psychoanalytic observations considered important in determining later behavioi 
These phenomena certainly occur, but Freud’s belief that they were practically uni- 
versal has not been backed up by any subsequent work Few psychiatrists doubt that 
the complex has affected certain neurotic adults, and many child psychologists 
have seen obvious examples of the fear in children fiom 2 to 5 years old, especially 
those that have been subjected to suigical treatment Nevertheless no data aie 
given in the psychoanalytic literature that show how often the feai occurs in anxious 
children oi in normal childien Conn made an attempt with “play technic” to 
find out how often children are emotionally upset by learning about the sex difference 
between boys and girls, and found evidence that about 8 per cent weie disturbed 
by the problem Surveys of adult sex behavioi, however, have shown that adequate 
eaily sex instruction is correlated with adequate orgasm in women , poorly instructed 
women are more likely to be frigid What is needed is many more data from 
diiect observation of childien Only from such obseivations can answers be given 
to the questions When and how shall I instruct my child about sexual differences ^ 
Is “fear of castration” m boys universal, common or rare ^ Is it universal; common 
or rare for giils to envy boys their male genital development^ There is plenty of 
evidence that these questions are important in neurotic developments Whether 
or not they are of importance to sociology and anthropology is foi future work to 
decide At present it looks as if Fi end’s postulates were too broad and should be 
applied only to “Western Euiopean culture” and peihaps only to neuiotic persons 
in that culture 

Freud’s clinical observations that sexual peiveisions arise from mixed and 
opposing impulses and are commonly multiple are sti ongly coi roborated by others 
Pei versions are much more common than is usually believed, and they are usually 
related to lack of orgasmal adequacy The pervert, then, is not “liypersexed” in 
the ordinary sense , it seems that he is often obsessed with sex (and thereby over- 
active 111 that line) because of lack of normal satisfaction A large numbei of 
persons with perverted impulses recall childhood satisfactions from the anal, urethral 
and oral zones This gives some substantiation to the psychoanalytic theory that 
excessive preoccupation with stimulation of these zones before the development of 
genital sexuality may predispose a child to later development of perversion 

Quite different from the simpler anal satisfactions and interests common tO' 
most infants and many adults is the “anal eioticism” recognized by freudians. 
This consists in pleasuie arising from stimulation of the rectal mucous membrane 
due to retained feces There is also pleasure when the retained mass is expelled, 
stretching and stimulating the rectum A complex theory has arisen about this 
form of pleasure, that it leads to the “anal character,” the cardinal attributes of 
which aie oideilmess, stinginess and obstinacy Sears points out that some 
psychologic investigations show that these traits tend to go together but that there 
IS no evidence, except the psychoanalytic observations on neurotic patients, that 
show the relationship of these chaiacter tiaits to the “anal erotic” syndrome 
Sadism is said to be related to the anal charactei , but sui veys by nonpsychoanalytic 
methods indicate that masochism is almost as common It is piobable, then, that 
Freud’s statements about the polymorphism of perversity are correct and that 
patients with anal interests form a neurotic group, but there is no good confirmatory 

35 Conn, J H Am J Orthopsychiat 10 747, 1940 

36 Terman, L AI Psychological Factors in Marital Happiness, New York, McGraw-Hill 
Book Compaiw, Inc , 1938 Sears =0 
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evidence that oideil), stingy and obstinate people aie either “anal erotic” or 
sadistic Ivo surve}s by psychologists indicate that paranoid patients have a 
much highei incidence of homosexuality than other psychotic groups Also there 
aie clinical data indicating that alcoholism may often be i elated to homosexual 
trends Both of these obseivations support findings of Fieud It is obvious that 
there is need now foi moie good obseivation of children’s chminatne and sexual 
habits with follow-up foi }cais, to prove or dispiove the freudian theories 

The direction m ■\^hlch a peison discharges his love and hate is certainly of great 
impoitance As a child he diiects it toward othei persons, latei, toward more 
abstiact objects This choice of the object for emotional discharge has been called 
“cathexis” by Ficud (taking the electrical term because of its value as a simile) 
The theory of cathexis does not need confirmation, because it is a redefinition of a 
jihenomenon which is accepted as common knowledge The suboidinate phenomena 
can be examined ci itically 

The sequence of c\ents in the choice of love objects is of pi line importance m 
psychoanalytic theoiy It is biiefly as follo\\s Ihe fiist genital sexuaht} is homo- 
erotic, the child explores himself and is inteicsted in himself Observation of 
infants amplj coiioborates this simple sort of “narcissism” Lo\c is also turned 
toward the mothei because of hei nuising and tending activities Between 6 and 8 
\eais of age the child inhibits this direct mother attachment, and the “latency 
peiiod ’ sets m and goes on until he is 10 oi 12 jears of age, when pubert} brings 
on heteiosexual inteiests The “oedipus situation” is deep attachment of a boy for 
his mothei (wdiich is inhibited because of fear of the father) , there is a less w^ell 
defined situation in the love of a daughter foi the father Workers in pscchiatn 
and psychology using other than freudian methods have amph confirmed the 
occuirence of this sequence of events in many cases There is, however, no proof 
that It IS typical oi the lule In fact, anthiopologists have evidence that in 
piimitive laces genital devcloiiment begins early and goes on steadilv through 
adolescence, showing no signs of a latenc} period and no oedipus situation Certain 
psychologic sui veys, notably that of Bell on midw'eslern childi en in the United 
States, coiroboiate the existence of a latency period in “Western cnihzation ” 
w'heieas others leview^ed b) Seais do not find evidence of it Cathexis is a useful 
psychologic concept, but the iiattern laiies so greatly with the cultural pattern and 
’s so bound up wuth the process of learning by experience that Fiend’s interpretation 
is too nanow' Theie is good evidence that it applies to Euiopean cultuie and gives 
a good explanation foi certain types of neuiosis I-Iomosexuahty seems to be not 


mfrequentl}' i elated to a strong mothei attachment 

Seal s pays particular attention to “fixation” and “i egression ” It w'as obsen'ed 
by Freud that ceitain patients w'ho had i cached a noimal heterosexual adjustment 
leturned to eailier modes of satisfaction A man might be fiustiated m his attempt 
to adjust in an adult way to his wufe and i evert to a childish attempt to get 
mothering This would be “regression” caused by “fi ustration” , “fixation of 
affection on a love object is a prerequisite foi such frustration Reactions like 
the example given aie commonly lecognized, psychoanalysts considei the mecha- 
nism of 1 egression a good explanation foi much neurotic and even schi/ophienic 
behavioi Sears’s review describes much careful experimental work He concludes 


The success with which animal psychologists have attacked fixation and regression is dimmed 
somewhat by the fact that expeiimental regression is not entirely representative of the Freudian 
clinical phenomenon There is sufficient systematic relation between them, however, to suggest 
that most of the experimental findings can be applied safely to the latter 


37 Bell, S Am J Psychol 13 325, 1902 
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If fixation IS defined as an unusually strong object attachment, or instrumental act, regression 
can be considered as the reactivation of a fixated but previously relinquished response following 
the weakening of a later established response The weakening, as has been shown, can be 
secured through frustration by punishment, frustration by removal or reward, satisfaction or 
alcohol When the ongoing response is weakened by any of these four factors, other responses 
become prepotent, and if the ensuing response is one that was strong at some earlier date, 
the change in behavior is called regression These experimental findings give sound support to 
Freud’s contention that regression is a function of fixation, and they suggest that his notion 
of the importance of frustration is correct as far as it goes but is not the only factoi that can 
give opportunity for fixation to play its role 

This discussion of repression, libido, infantile sexualit}, peiveision and 
1 egression gives examples of the way in which Freud’s postulates are now being 
examined by psychologists and psychiatrists by nonfreudian technics One might 
summarize by saying that these workeis have found some confirmation for the 
libido theory, infantile sexuality, the ‘'castiation complex,” the polymoiphism of 
pel version, and lepiession and i egression They have found evidence against 
accepting the subdivisions of infantile sexuality as characteristic of children m 
general, against the theory of anal eroticism and its effect on chaiacter, and against 
using such concepts as the ''castration complex” and "penis envy” except m a 
limited way foi certain cultuial aieas Also there is good evidence against the 
theory of infantile repression More work should be done along these lines, foi 
the work sketched in the foregoing paiagiaphs is spotty and little of it follows a 
program, with the obvious exceptions of Murray’s and Rapaport’s monographs 
One must admit that it looks as if Freud made some remarkably shrewd generaliza- 
tions from his clinical observation of human nature * It is impoi tant to know which 
generalizations are true and which are false, and this can be detei mined only by 
futuie lesearch along the lines indicated 

SHOCK THERAPY 

The hopes of 1938, when insulin shock theiapy was at its height, have vanished 
Sound psychiatrists leviewing the situation at present show much less enthusiasm 
foi any of the shock tieatments For example, Rennie’’® sa}s 

The tested methods of psychiatry and psychotherapy are still important, and the most 
important methods available The procedure m shock therapy, because of its hazards, belongs 
in the hands of thoroughly trained physicians and should be limited to hospital practice, not 
office or consultation routine No convincing rationale for therapy has yet emerged There 
are dangers to be encountered, to life and to the mental performance of the sufferer 
These cannot be shoved aside 

The use of insulin, except as an aid for relieving ceilam symptomatic manifesta- 
tions of schizophrenia, is largely discaided In fact, some woikers®® have pub- 
lished senes of cases with controls that show insulin theiapy to be no better in 
Its results than the former types of conservative hospital caie While insulin shock 
therapy was at its height, the use of metiazol shock came m This type of treat- 
ment was easier to employ and had more dramatic effects At first hopes were 
laised that here was a cure for schizophrenia, but they weie soon disappointed 
when It appeared that the only patients benefited with any regularity were the 
ones with depressions Metrazol, however, caused such brutal convulsions, witli 
so m^rny fractures and so much tenor in the patients, that it never was as ’much 
used as its quick successor, electric shock This method of treatment is now 
sweeping th e field of therap} in neuropsychiatry, and a warning against indis- 

38 Rennie, T A C Psjxliiatry 6 127, 1943 

39 Gootheb, J S, and Huston, P E Treatment of Schizophrenia Follow -Up Results 

d Insulin Shock Therapj and in Control Cases, Arch Neurol & Ps>chiat 49-266 
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criminate use is needed In the hands of caiefiil physicians the electrical shocking 
machines have given good results in shortening the depressions of the manic- 
depressive psychoses and in lehevmg the chronic agitatcd-depiessive states of the 
involutional period Also the outwaid behaMOi of schi/ophremc patients is often 
changed foi the bettei Man) data have been amassed, and a symposium on the 
subject was held at the last meeting of the Ameiican Psychiatric Association 
In geneial, the lesults in 1943 coiioborate the piehminaiy impression given by 
leports in 1941 Involutional melancholia is usually benefited, other depressions 
seem to be shoitened m a inajont) of cases, manic states aie impioved in about 
half the patients tieated, and the method is of no use for the neuroses 

Electiic shock is casil) given, diamatit to the family and relatnely pleasant 
for the patient, because it leaves him uith an amnesia, so that he does not mind 
having had the fit (unless he happens to be one of the 3 to 5 pci cent that sufifer 
a fiactuie oi dislocation) These facts aic all to the good, but the difficulty is 
that they play too easily into the hands of the enthusiastic therapeutist and the 
charlatan Electiic shock, unfortunately, is being used indisciiminately for all sorts 
of neivous and mental troubles, fiom anxiety slates, uliich could be relieved by 
psychotherapy, to multiple sclerosis, for uhich its use is obviously a stupid counsel 
of despaii 

Anothei aspect of electric shock ticatmcnt must be discussed Ihc anatomic 
and physiologic cfiects on the brain of clectiicit), cm i cuts sucli as those used in 
this therapy, aie not known The in\ estigatoi s do not agiec,‘- and the investi- 
gations aie inadequate Since the therapeutists do not )et know wdiat they arc 
doing to the hi am by electioshock, it ceitainly is only common piudencc to go 
slowly, use as few' shocks as possible and make cai eful examination of the patient’s 
mental state, especially inemoiy, bcfoic and aftci tieatment Such procedure is 
certainly follow'cd by the caieful and w'cll tiamcd men w'ho use the method The 
less discriminative shockeis, how'ever, do not seem to feai the possibly permanent 
intellectual defects that may occui fiom lepcatcd elcctncal convulsions In hos- 
pitals It has been found that many disluibcd and active patients can be made 
quieter by lepeated shock ticatments Ihcii bchavioi is so much impioved that 
nursing is simplified Some of them look, howc\ci, as if the) had been partially 
decorticated I feel it iinpeiative to repeat w'liat I said m 1939 “One feels 
doubtful of the ethical standards that allow' shock tieatment to be gnen for the 
purpose of making nuising easier for the hospital administration It comes dan- 
gerously close to punishment, and logically one might ask ‘Why not euthanasia^’ ” 

Massachusetts General Hospital 

40 Am J Psychiat , to be published 

41 Cobb, S Review of Neuropsychiatry for 1941, Arch Iiit Med 68 1232 (Dec ) 1941 

42 Globus, J H , van Harreveld, A , and Wicrsma, GAG J Neuropath & Exper 
Neurol 2 263, 1943 Hassin, G B Cerebral Changes in Fatal Cases Following Treatment 
with Barbital, Soluble Barbital U S P, Insulin and Metrazol, Arch Neurol & Psjchiat 42 
679 (Oct) 1939 

43 Cobb, S Review of Neuropsychiatry for 1939, Arch Int Med 64 1328 (Dec ) 1939 
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and hemorihaglc tendency, 69 
splenic, Banti’s syndrome, 2G0 
splenic, Gaucher’s disease, 261 
splenic, splenopoital venous obstiuction without 
splenomegaly, further contribution to patho- 
genesis of flbrocongestive splenomegaly (Banll 
syndrome), 78G 

symptoms and incidence of anemia in hernia at 
esophageal hiatus, 58 
Aneuijsm and vascular anomalies, 556 
Angina, Agranulocj tic See Granulocjtopenia 
Angiocardlogiaphj See Caidiovasculai S 3 stem 
Anthrax, 40G 

Antigens and Antibodies See also Agglutinins and 
Agglutination , Immunity , etc 
antibody foimation and anamnestic reaction, G44 
preparation of S3nthetic immune serum and na- 
ture of inimunit 3 , 581 
Anuria See Urination 
Aoitltls, diagnosis of, 692 
Arachnoiditis, optocliiasmatlc, 689 
Armed Forces Peisoniiel See military Jlediclne , 
Naval Medicine, etc 

contact reporting and examination in vencieal 
disease control, 661 

educational talks to sen ice personnel, 660 
Aimies See Mllltaiy Jledicine 
Arsenic and Arsenic Compounds See also Ars- 
phenamlnes 

arsenical encephalopathy, 674 
aisenical myelopathy, 675 
arsenotherapy combined with fevei, 681 
bismarsen in tieatment of sviihills, 668 
bone marrow duiing intensive arsenotherapy, 
676 

detoxication of arsenicals with paraanilnobenvolc 
acid 070 

elTcetiveness of areenicals against bacteria, 670 
civtlicma of ninth day, 677 
intensive aisenotherapy of sypliilis 680 
respiratory allergy to arsenicals, 677 
Therapv See Syphilis 
Arsphonamlnes See also under Syphilis 
postarsplienamlne yaundlce, 077 


Aileilts See also Aneiiiysm, Arteiiosclerosis , 
Blood piessure. Blood vessels. Embolism, 
Extremities, blood supply. Periarteritis, 
Thrombosis, Vasomotor System, etc 
eiitical review of literature on vascular surgery, 
551 

Inflammation See also Periarteritis 
inflammation, syphilitic arteritis, 694 
inflammation, syphilitic coronary arteritis, 693 
vascular anomalies and aneurysms, 556 
war inyuiles to vascular tree and vasomotor sys- 
tem, 553 

Aiteriosclerosis, 529 

Arteiitis See Arteries, inflammation 

Aithritis See also Gout 

physical therapy applied at home for arthiitis, 
follow-up study, with supplementary summary 
of sedimentation rate of erythrocytes in 229 
cases of arthritis, 231 
tabes arthropathy, 697 
Arthropathy See Arthritis, Osteoarthritis 
Ashman, R QRS complex of electrocardiogram, 
210 

Asper, S P Alterations in biologic oxidation 
in thyrotoxicosis , thiamine metabolism, 353 
Atherosclerosis Sec Arteiioscleiosis 
Athlete’s Foot See Ringworm 
Atrophy See Nerves, optic 
Austialia, syphilis in, 663 

Autopsies, fiequency of syphilitic lesions at autopsy, 
649 

studies in sy philis , rev lew of incidence of syph- 
ilis in autopsies on adults, 78 

Bacilli See Bacteria 

Bacon, D K Preparation of synthetic Immune 
serum and mtiiie of immunity, 581 
Bacteremia See Septicemia 
Bacteria See also Streptococci , Vii uses , etc 
Abortus and Melitense Gioup See IJndulant 
Fever 

bacillary diseases, 403 
Dysentery See Dysenteiy 
Eberth’s See Typhoid 

Fnedlandei’s See Bacteria, mucosus capsulatus 
Hemophilus See Whooping Cough 
Influenz i See Influenza 
Lepiosy See Leprosy 

mucosus capsulatus , Friedlander's bacillus septi- 
cemia and meningitis, leport of case and 
autopsy, with analysis of 29 cases collected 
from literature, 319 
Shigella See Dysentery 
Tularense See Tularemia 
Banti’s Disease See Anemia, splenic 
Bnnyal A L Limitations of erythrocyte sedi- 
mentation test in tuberculosis, 245 
Baitonella Bacllliformis See Oroya Fever 
Basophilism See under Pituitary Body 
Batty, J L Involvement of liver in disease of 
gallbladder, 176 

Berk, J E In situ effects of antacids in duo- 
denal ulcer, 46 

Bcthell, F H Blood, review of recent literature, 
115, 260 

Bilharziasis See Schistosomiasis 
Biliary Tract See Gallbladder, Liver 
Bilirubin in Blood See Blood, bilirubin 
Biopsies See also Bones, marrow, etc 

diagnosis of lipoid pneumonia by aspiration bi- 
opsy, 627 

Bismarsen See under Arsenic and Arsenic Com- 
pounds 

Bismuth and Blsmutii Compounds, bismuth anuria. 
677 

bismuth hepatitis 678 

bismuth melanosis and female sex liormoncs, 072 

bismuth stomatitis, 677 

effect of bismuth on growth of bone, 703 

embolia cutis blsmuthica, 678 

similarity of bismuth preparations, 671 

Tlierapy See Sy philis 

Black-Sclnffer B Studies in syphilis, review of 
incidence of syphilis in autopsies on adults, 78 
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Blood, nlteintions in bloloRlt o\Idatlon In tlij’ro- 
to\lcosls, Uilnmliit mttaboUsm i'll 
appearance of Splroclmot i jiallld i In blood 
stream, 037 

bilirubin, modlfled technic for determination, 
preliminary report of Us clinical use, 37i 
bismuth, determinations of, 071 
changes associated nlth various disorders, 290 
Circulation See also Arteries , Capillaries 
Caidlovasculai Diseases, Cardiovascular Sjs 
tern , Heart , Bortal Veins , \ asomotor .Sv sRm , 
Veins, etc 

circulation time, 525 

Coagulation See also Blood, prothrombin 
coagulation and hemoirhaglc disorders, 201 
coagulation , anticoagulants 278 
coagulation, hemostasis and coagulants, 272 
coagulation substances possessing thrombophistlc 
activity, 288 

coagulation , Weltinan’s scrum coagulation rtac 
tlon In syphilis, 014 
Diseases See Anemia Bcuhemla , etc 
effect of exercise on blood pjruvic acid, obscr 
vations on trained and untrained normal sub 
jects and on patients with heart disease and 
with hjpertcnslon, 219 
in infection, 290 

methods and miscellaneous material, 294 
Platelets, 209 Sec also l‘urpura 
pressure, high, aitcrial hjpertenslon, 537 
pressure high , clinical counterparts of experi- 
mental hjpertcnslon, 514 

pressure, high, cITcct of exercise on blood pvruvlc 
acid , observations on trained and untrained 
normal subjects and on patients with heart 
disease and with hvpcrtcnslon, 239 
pressure, high, experimental hjpertenslon, 515 
pressure, high, hjpertcnslon in onlj one of 
Identical twins, report of case with consider- 
ation of psjchosomatic factors 707 
pressure, high, relation of urologlc defects to 
hjpertenslon, 548 

pressure, high, surgical treatment of hyperten- 
sion, 558 

pressure, high, vascular disease following tox- 
emia of pregnancy (prccclampsla and cclamp 
sla) , observations on Its clinical course, 301 
pressure, low , orthostatic hypotension In tabetic 
form of dementia paralytica, 097 
proteins, nitrogen equillbilum and regeneration 
of serum protein following Intravenous use of 
amino acids, 91 

Piothrombln See also Blood coagulation 
prothrombin and vitamin K 278 
Iirothrombln , association of cirrhosis, thrombo- 
penla and hemorrhagic tendency, 09 
prothrombin dicoumaiin 275 520 
prothrombin, experimental hjpoprothromblncmla, 
285 

prothrombin, methods for determining prothrom- 
bin 280 

prothrombin , physiology of plasma prothromblir 
and relation to disease of liver, 279 
relation between hepatic and plasma conccirtra- 
tlons of vitamin A hr human beings, 439 
review of recent literature, 115, 200 
sedimentation, limitations of erythrocyte sedi- 
mentation test In tuberculosis, 245 
sedimentation, physical therapy applied at home 
for arthritis, follow-up study, with supplemen- 
tary summary of sedhruntatlon rate of erv 
tlrrocjtes In 229 casts of arthritis, 231 
transfusion, recurrent Ivmphocjtic choriomenin- 
gitis, report of case in which treatment was 
with pooled normal adult serum, 709 
transfusion, survival of Splrochaeta pallida In 
frozen plasma, 037 

Vessels See also Arteries, Capillaries, Cardio- 
vascular System, Periarteritis, Vasomotor Svs- 
tem , Veins , etc 

vessels, critical review of literature on vascular 
surgery 551 

vessels, war Injuries to vascular tree and vaso- 
motor system, 553 

Body, Mind and Body Sec under Mind 
Bones See also under names of bones 
changes In optic funttlon and ophthalmoscopic 
picture observed in 4 patltnfs of eunuchoid 
skeletal typo who were being treated with orclric 
extract, 401 
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growth, cITctt of bismuth on, 70 1 
marrow, 144 

marrow during Intensive arsenotherapj , 070 
marrow. Intensive arsenotherapj via, CSC 
syphilitic osseous lesions 089 
therapeutic observations In Cushings syndrome 
effect of various agents on calcium, phosphorus 
and nitrogen excretion In patients with pitui- 
tary basophilism 194 

Book Kt-ytrvvs 

Aeldendunt to Chemlstrv of ^mlno Aelds tnd Pro- 
teins, edited by C D A Schnrldt 707 
Allergy , 1, Urbaeh with collalroratlorr of P M 
Gottlieb, 427 

Allergy, Anaphylaxis artel Immttnothcrapy , B 
Itatreer, 501 

Behavior snd Aettrosis T II Mnsserman, 502 
Clinical Pansltologj , C P Ctsig and B C 
laust, 707 

Common Porm of Macltr Amide Dendenej DIs 
case Anlachtamldosls , 3V Kaufman, 708 
Diagnosis of Uterine Cancer by Vaginal Smear, 
(i A Papanicolaou and 11 P Traut, 707 
1 plelemlologj of Khcumntlc lever and Some of 
Us Ptrblle Health Aspects, J B I’aul and 
others, 501 

(•itlele to I’ractlcal Autrltlon , edited bv VI f, 
Wohl and 1 II VMllnrd 100 
Hemorrhagic Diseases artel Physiology of Hemo- 
stasis, A J Quick, 427 
Hypertension, I H Page, 503 
Introduction to Medical Mycology , f. M Lewis 
and M L Hopper 70S 
Kaiser Wales Doctors, V ele Krtrlf, 502 
Manual of Cllrelcal Therapeutles Guide for 

Stredents and Practitioners, W C Crrttlng, 110 
Itcactlorr to Injury W D Forbus 707 
Itehabllltatlorr of War Injured, edited by W B 
Doherty and D D Runes, 708 
Vvnopsis of Diseases of Skin, R L Sutton and 
R L Sutton Ir , 502 

lifers cxantcmirtlco I tlologfa, cHnIca , profllaxls, 
(i Clavero and F Pirez Gallardo 501 
Lrologv In General Practice, A 1 Ockcrblad 
artel 11 1 Carlson 428 

V tsettlar Spasm Lxperlntcnlal Studies, A J 
Aeelzel, 140 

Witooping Cough , J H I apitt, 12S 

Bnln, arsenical encephalopathv (,74 
Diseases Sec 1 nccphalltls , Mental Diseases 

Bright’s Disease See Nephritis 

Broirehlectasls mvocardllls In, 775 

Btetcellosls See Unelulant Pever 

Bnrger, M Cholesterol contcret of rtrine In 

patients with cancer, 108 

Betllovva, T G 51 Cold hcmagglutlnatlort with 
symmetric gangrene of tips of extremities, 
report of ease, 500 

Setlfadlnzlnc administered alone and with anti- 
pneumococcus scrum In treatment of pnettmo- 
eocelc pncitmonla, 329 

Caddon A V Limitations of ervthroevlc sedi- 
mentation test hr tuberculosis, 215 

CalcUtm and Calcium Compounds therapeutic oh 
scrvatlons in Cushings syndrome, cITcct of 
various agents on calcium, phosphorus and 
nitrogen excretion In patient with pituitary 
basophilism, 494 

Cancer See also under names of organs and re- 
gions 

and syphilis, 705 

cholesterol content of urine In patients with can- 
cer, 108 

Capillaries, 519 See also Blood vessels. Vaso- 
motor System 
fiagUltj, 270 

Caibohjdrates Sec Glycogen 

Cardlovascitlar Diseases See also Blood vessels. 
Heart 

cardiovascular Involvement in congenital syphilis 
703 

cardiovascular manifestations in pernicious ane- 
mia 757 
syphilis, C02 

svphllls and Industrial employee, 092 
kvphills serologic tests In, 091 
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lascular disease following toxemia of pitgiiancj 
(preeclampsia and eclampsia) , obseiiatlons on 
its clinical course, 301 
lascular diseases, ninth annual reileu, 318 
Cardiovascular System See also Arteiies, Blood 
vessels. Heart, Vasomotoi Sjstem, etc 
anglocardlograpliy, 695 
Carriers See under Syphilis 
Carrldn’s Disease See Oioja Feiei 
Carter, J B Caidiovasculai manifestations in 
pernicious anemia, 757 

Cerebrospinal Fluid, clinical manifestations of 
Well’s disease ultli refeience to meningitis, IS 
Charcot Joint See Tabes Dorsalis 
ChCuez, I Comparative value of digitalis and of 
ouabain in treatment of heart failure, 168 
Chemotherapy See also under names of diseases, 
as Communicable Diseases , Meningitis , etc 
in other infections, 391 
Chichenpox, viial diseases, 418 
Children, false positlie reactions foi sjphllis in 
Infants and clilldien, 647 
Cholesterol in Urine See Urine 
Choriomeningitis, lecurient lympliocj tic , lepoit of 
case in which treatment was with pooled noi- 
mal adult serum, 709 
Circulation See Blood, cliculatlon 
Cisterna Magna, puncture, 702 
Clapper, M Clinical manifestations of Weil’s 
disease with reference to meningitis, 18 
Claudication, diagnostic tests, 525 
Cobb, S Review of neuropsychiatry for 1913, 795 
Coccidioidomycosis, 421 

Cold hemagglutination witli symmetric gangiene of 
tips of extremities , report of case, 506 
Colds See under Respiratory 'Tiact 
Communicable Diseases See also Iinmunlti 
Measles , Meningitis , Syphilis , etc 
chemotherapy, 388 

infectious diseases, nintli annual leiieu of sig 
nifleant publications, 388 
Cooley’s Anemia See Anemia eijtliioblastic 
Coumarln, dicoumailn, 275, 526 
Cushing’s Syndrome See Pitultaiy Bodj 
Cjsts See under names of organs and regions 
Cvtomycosis See Histoplasmosis 

Dameshek, W Patliogenetic mechauisms in hemo- 
Ijtlc anemias, 1 

Darling’s Disease See Histoplasmosis 
Davis Nathan S , III of Cliicago lionoied, 564 
Delijdration, preparation of synthetic immune 
serum and natuie of immunltj, 581 
Dementia Paralytica, electric shoeb tlierapj, 700 
fever therapy, 700 
Dlssauer’s type of 097 
malaria therapy, 701 

oithostatic hypotension in tabetic foiin of, 097 
Dermatitis exfollatiie, histamine tieatment of, 670 
exfoliative, sodium thiosulfate tieatment of 076 
do 'Tabats, G Vascular diseases , ninth annii il 
review, 518 

Deutsch, E Therapy wifli sulfonamide compounds 
for patients with damage to liver, 594 
Dexter, h Vascular disease following toxemia of 
pregnane} (pieeclampsla and eclampsia) , oh- 
servatlons on its clinical couise, 301 
Diabetes Mellitus associated with pentosuiia, 31 
clinical experience with mixtures of piotaiiune 
zinc and unmodified Insulins, prellniiiniy re- 
port, 37 

clinical significance of glv cogen content of livei, 
746 

estrogen, diabetes and menopause, 250 
Dlchlorophenarsine h}drochloride in treatment of 
syphilis, 065 

Dicoumarln See Coumarin 
Digestive S}stem See Stomacli, etc 
Digitalis See under Heart 

Diodrast See under Kidneys 

Disease, hypertension in onl} 1 of identical twins, 
report of case with consideration of ps}cho- 
somatlc factors, 767 
Disk, Optic See Nerves, optic 
Drugs in treatment of syphilis, 663 
Ductus Arteriosus, patent, ligation of, 360 
Duodenum, in situ effects of antacids in duodenal 
ulcer, 46 


Dutolt, C Alterations in biologic oxidation in 
th} lotoxicosls , tliiamine metabolism, 13 i 
Dvsentery, baclllarv, 403 
D}spltuitarlsm See under PItuItar} Bod} 

Eclampsia, vascular disease following toxemia of 
pregnancy (preeclampsia and eclampsia) , ob 
serrations on Its clinical course, 301 
Edelman, M H Pentosuria associated with dia- 
betes mellitus, 31 

Editors, Mississippi Valle} Medical Editors’ Asso- 
ciation, 300 

Egana, E Alterations in biologic oxidation in 
thyrotoxicosis, thiamine metabolism, 153 
Ehrlich, S B Cholesterol content of urine in 
patients with cancer, 108 
Electrocardiogram See undei Heart 
Embolia cutis bisrauthica, 078 
Encephalitis, 414 

Encephalopathv See under Brain 
Fnerg} Exchange See Met ibolisiii 
England, syphilis In, 662 
Erytliema of ninth day, 077 
palmar, 533 

Ei}thiemia Sec Pol}cytliemia 
Eiythroblastosis See Anemia, erythroblastic 
Ei}throcytes Sec Anemia, etc 

Sedimentation See Blood, sedimentation 
Esophagus, symptoms and incidence of anemia in 
hernia at esophageal hiatus, 58 
Estiogens See also Hormones, sex 
estiogen, diabetes and menopause, 250 
Eunuchoidism, changes in optic function and opli- 
thalmoscoplc picture observed m 4 patients of 
eunuchoid skeletal t}pe who weie being treated 
with orchlc extract, 401 
Exanthems See also Communicable Diseases 
infectious, 425 

Excicise, effect on blood pyruvic acid, observations 
on trained and untialned normal subjects and 
on patients with heart disease ind with Iijpvi 
tension, 239 

]• xtiemities, Amputation See Amputation 
Blood Supply See also Ra}naud’s Discast 
Thromboangiitis obliterans, Ihiombophlebifis , 
etc 

blood supply, blood flow 523 
blood supply, ciiculation time, 525 
blood supply, tieatment of peuiiheial vasculir 
disease, 534 

blood supply, vascular diseases ninth annu il 
lev lew, 518 

G ingrene Sec Gangiene 

Faialysis Sec Foliomjc litis 

Eyes See also Vision 
s}phllis, 688 

Favre-Nicolas’ Disease Ste Ljmphogi.muloiii i 
Venereum 

Felty Syndrome See Splenomcg ilv 
lever See Malaria, Tjphoid ’rvplius, Eiidulaiil 
Fever , etc 

Malta See Undulant Fever 

Roeby Mountain Spotted Sec Rod;} Mount ilii 
Spotted Fever 

Theiapeutic See under Dniitntla Faralvtivi, 

Syphilis , etc 

Trench See Trench Fevei 
Verrucous See Oro}a lever 
lingers and Toes, chronic pulmonar} osteoartliioii- 
atliy, d}spltultnrlsm ns probable cause, 565 
lliiland, M Therapv with sulfoinmldL i om 
pounds for patients with d iiii.igt to llvei 591 
liance, sjphllis in, 664 

licnbel, D Diagnosis of iipoid piiciimonii bv 

aspiration biops}, 027 

liitd B M Chronic piilmonarv osteoarthrop- 

atiiv , djspituitarism as probable cause, 565 
liltdlander’s Bacillus See B icttrla mucosus c U'- 
sulatus 

1 ricdnnn Af Hjpertcnslon in onl} one of idtn 
licil twins, report of case, wltli consideration 
of psvchosomatic factors, 767 

Gallbladder, involvement of liver in dl'case of, 370 
Gangrene, 534 

cold hemagglutination with sjmmctric gingmu 
of tips of cxtrcmltlts report of case 506 
t iidberg XI QRS coniphx of electroeardltigr ini 
216 
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Ginln, C F Tilciisiikl stenosis, incidence and 
diagnosis 101 

Gastric Ulcer See Peptic Ulcer 
Gaucher’s Disease See Anemia splenic 
German Measles See Rubella 
von Gierke's Disease See under Gljcogcn 
Gin fevei, 425 

Gltlow, S Estrogen, diabetes and menopiuse, 230 
Glomeruloncplirltls See under Nephritis 
Glycogen content of ll\ei, clinical significance, 71G 
Gljcosuria See Diabetes Mellltus 
Golden, A Vascular disease following toxemia 
of pregnancy (preeclampsla and tclampsia) , 
obseivatlons on its clinical couiso lOl 
Goie, M Pernicious anemia in Negroes, 7S2 
Gout, milestones in diagnosis and ti catmint 177 
Granulocytopenia and agranulocytosis, IIS 
Granuloma Malignant See Hodgkins Disease 
Venereal See Eympbogianuloma 1 cnereum 
Gray, S Iinohcmcnt of Il\tr in disease ot 
gallbladder 170 
Grip See Influenva 

Gubner, R Llectrocardiograplilc ciitciii of left 
ventiicular liypcrtropliy factois elctci mining 
ecolution of electrocardiographic patterns in 
hypeitiopliy and bundle brancli block l‘)C 
Gumma Sec Heart 

Haemophilus Influenvae See Influcn/a 
Hall, B L Association of cirrhosis tlirombo 
penia and hcmorrliaglc tendency O') 

Hay, AV E Symptoms and Incidence of anemia 
in licrnia at csQpliageal hiatus, 5S 
Hcadaclie, i)ost-lumbar-puncture headaclie 702 
Heart Sec also Blood circulation , Cardiovascular 
System , etc 

Abnoimalitlcs See Ductus Arteriosus 
Diseases See also Cardloiascular Diseases, 
Myocarditis, etc 

diseases, effect of exercise on blood pyruvic acid 
obsert ations on trained and untrained normal 
subjects and on patients uitli heart disease 
and ultli hypertension 239 
effect of roentgen tlierapy on, clinical study 715 
elcctrocardlogiaphlc ciiterla of left Miitriculai 
livportropliy , factors determining cioiutlon of 
olcctrocardlograpldc patterns In hyiicitrophy 
and bundle brancli block. 190 
failure, comparntI\e value of digitalis and of 
ouabain In treatment, 108 
gumma of, 093 

QRS complex of electrocardiogram, 210 
rhythmic property of liuman licart, 013 
Helnc-Medln Disease Sec Poliomyelitis 
Hemagglutination See Agglutinins and Agglutina- 
tion 

Hematology Sec Blood 

Hemolysis patliogcnetic meclianisms in hcmohtii 
anemias, 1 
Hemophilia, 200 

Hemorrhage See also HemopliIIia , Hemostasis , 
etc 

association of cirrhosis, tlirombopcnia and Iicmor- 
rhaglc tendency, 09 
dlcoumarin in, 275 520 

homorrliaglc disorders and blood coagulation 201 
prothrombin level in pregnancy and neonatal 
period, 282 

Hemostasis See also Blood, coagulation, Hcmoi- 
rhage, etc 
and coagulants, 272 
Hepatitis See under Elver 

Hernia, symptoms and incidence of anemia In 
heinia at esophageal hiatus 58 
Hettlg, R A Blood, review of recent lltciaturc, 
115, 200 

Hildebrand, A G Clinical experience with mix- 
tures of protamine vine and unmodified In- 
sulins , preliminary report, 37 
Histamine treatment of exfoliative dermatitis, 070 
Histoplasmosis, 423 
Hodgkin’s Disease, 130 

Hormones See also Estrogens , Insulin , etc 

sex, bismuth melanosis and female sex hormones, 
072 

Howe, C Carrldn’s disease, immunologic studies 
147 

Immune serum therapy foi Oioya fevei, 429 
Hydrophobia See Rabies 
Hypertension See Blood pressure, high 
Hyperthyroidism See under Thyroid 


Hypcrtropliy See under names of organs ind 
regions, ns Heart, etc 
Hypophysis See Pituitary Body 
Hypopituitarism See Pituitary Body 
Hypotension Sec Blood pressure, low 

Icterus Sec Tnundicc 

Immunity See also Anaphylaxis and Allergy, 
Antigens and Antibodies, Scrum Immune, etc 
false positive reactions for syphilis following 
routine Immunizations, 040 
preparation of synthetic Immune serum and na- 
ture of Immunity 581 

Iiidiistrlal Diseases, chemical Intoxications, 291 
Indiistiy and sypliiils, 004 
cardiovascular syphilis and industrial employee, 
092 

control of venereal disease in, 004 
Infantile Paralysis Sec Poliomyelitis 
Infants, newborn, protlirombln level in pregnancy 
and neonatal period, 282 

Infection See also Immunity , Septicemia , and 
under names of bacteria, as Streptococci, etc 
blood in, 290 

clicmotherapy In other Infections, 391 
penicillin 304 

Infections Diseases Sec Communicable Diseases 
Influenza, 411 
vaccine, 413 

Insulin Sec also Diabetes SIcllltus 
clinical experience with mixtures of protamine 
zinc and unmodified insulins, preliminary re- 
port, 37 

Inulln studies of dlodrast and of Intilln clearance, 
547 

Iodine in saliva, 072 


Jacobi, M Diagnosis of lipoid pneumonia by 
aspiration biopsy, 027 

Taiindlcc, modified icchnlc for determination of 
senim bilirubin preliminary report of Its 
clinical vise, 372 
postarsphcnaminc, 077 

Kasanin, I S Hypertension In only one of 
Identical twins, report of case with considera- 
tion of psychosomatic factors 707 

Kendall, I C Influence of thiamine on Induced 
hyperthyroidism, 185 

Keratoconjunctivitis, epidemic 417 

Kidneys Sec also Urinary Tract 
Diseases See Nephritis, etc 
studies of diodrast and of inulln clearance, 547 
vascular disease following toxemia of pregnancy 
(preeclampsla and eclampsia) , observations on 
its clinical course, 301 

Korenberg M Clinical significance of glycogen 
content of liver, 710 

Krusen P H Physical therapy applied at homo 
for arthritis, follow-up study with supple- 
mentary summary of sedimentation rate of 
cry tlirocvtcs In 229 cases of arthritis, 231 

Kurschner, D M Estrogen, diabetes and meno- 
pause, 250 

Kutscher XI Changes in optic function and 
ophthalmoscopic plctiiro observed In 4 patients 
of eunuchoid skeletal typo who were being 
treated with orchic extract, 401 


Larynx, syphilis of, 089 

Ecach T E EITcct of roentgen therapy on heart 
clinical study, 715 
Leprosy 407 

Leptospirosis Seo Spirochetosis 
I cukemia, 134 

effect of radioactive phosphorus In treatment of 
leukemia, lymphoblastoma and polycythemia, 
141 

lympliomatold diseases, leukemia and related dis- 
orders 130 


jcukocy tes See Eeulvemia , Mononucleosis , etc 
[.evinson S 0 Recurrent lymphocytic chorio- 
meningitis, report of case In which treatment 
was with pooled normal adult serum, 709 
bipolds. Pneumonia See Pneumonia 
Aver, association of cirrhosis, flirombopenia and 
hemorrhagic tendency, 09 
diseases , bismuth hepatitis 078 
diseases, modified technic for determination of 
scium bilirubin, preliminary report of Its 
clinical use, 372 
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diseases, plijslology of plasma prothrombin and 
relation to, 279 
Glycogen See under Glycogen 
Involyement m disease of gallbladder, 17G 
relation between hepatic and plasma concentra- 
tions of vitamin A in human beings, 439 
syphilis, 690 

therapy with sulfonamide compounds for patients 
with damage to liver, 594 
Lumbar Puncture See Spinal Puncture 
Lungs See also Respiratory Tract, etc 
chronic pulmonary osteoarthropathy, dyspltu- 
Itarlsm as probable cause, 565 
diagnosis of lipoid pneumonia bj aspiration 
biopsy, 627 

Lymph Nodes See Ljmphosarcoma , Mononucleosis, 
etc 

Lymphoblastoma, effect of ladioactive phosphorus 
in treatment of leukemia, lymphoblastoma and 
poljcythemla, 141 

Lymphocjtes in Meningitis See Choriomeningitis 
Lymphogianuloma, Hodgkin’s See Hodgkin’s Dis- 
ease 

Inguinale See Lymphogranuloma Venereum 
Lymphogranuloma Venereum and syphilis, 706 
Lymphoma, Ijmpliomatold diseases, leukemia and 
related disordeis, 130 
Lymphosarcoma, 132 

Major, J W Filedl indei’s bacillus septicemia 
and meningitis, lepoit of case and autopsy, 
with analysis of 29 cases collected from litera- 
ture, 319 

Mai del Pinto See Pinta 
Malaria, 424 

Therapeutic See Dementia Paralytica 
Malleri, 0 T, Jr Blood, review of recent litera- 
ture, 115, 260 

Malta Pevei See Undulant Fever 
Mapharsen See under Syphilis 
Mason, V R Acquired hemolytic anemia, 471 
Measles, 419 
Geiman See Rubella 
Medicine, Military See Military Medicine 
Psychosomatic See Disease, Mind 
Medln-Heine Disease See Poliomyelitis 
Melanin, pigmentation , bismuth melanosis and 
female sev hormones, 672 
Melanosis See Melanin, pigmentation 
Meningitis See also Choriomeningitis 
clinical manifestations of Well’s disease with 
leference to, 18 

Frledhinder’s bacillus septicemia and meningitis 
report of case and autopsy, with analysis of 
29 cases collected fiom literature, 319 
menlngococcic, 403 
pneumococcic, 399 

Aleningococcl See under Meningitis 
Alenopause, estrogen and diabetes, 250 
Mental Diseases, shock therapy, 805 
Messinger, W J Nitrogen equilibilum and re- 
generation of serum protein following intra- 
venous use of ammo acids, 91 
Metabolism influence of thiamine on induced hyper- 
thyroidism, 185 

Meyer, K A Relation between hepatic and plasma 
concentrations of \itamin A In human beings 
439 

Microscope, Spliochaeta pallida in election micro- 
scope, 636 
Mlcrosporosis, 423 

Mllitar\ Medicine See also Naial Medicine, 
Reel lilts, etc 

chemical piophvla\is of venereal diseases, 660 
false poslthe reactions for syphilis following 
routine immunizations, 646 
w'artime venereal disease control, mllltaij aspects 
658 

Miller, E B Pathogenetic mechanisms in hemo- 
lytic anemias, 1 

Milzer, A Recurrent lymphocytic choriomeningitis, 
lepoit of case in which treatment was with 
pooled normal adult seium, 709 
'Mind In pel tension in onlj one of identical twins, 
lepoit of case, with consideration of psjeho- 
soraatic factors, 767 

Mohi, C F Syphilis, review of recent literature, 
035 

Mononucleosis, infectious, 123 

■Mooie T F Syphilis, review of recent liteiature, 
635 


Morlock, C G Association of ciirhosis, thiom- 
bopenia and hemorrhagic tendency, 69 
Motoneuron See Neurons 

Murphy, W P Symptoms and incidence of anemia 
in hernia at esophageal hiatus, 58 
Muscles and myoneural junction, 797 
arsenical mvelopathy, 675 
Mj asthenia gravis, 800 
Mjelonia, multiple, 143 

Myers, G B Clinical manifestations of M ell’s 
disease with reference to meningitis, 18 
Myocarditis in bronchiectasis, 775 
Myocaidium See Heart, Myocarditis 

Nathanson, L Diagnosis of lipoid pneumonia bv 
aspiration biopsy, 627 

Nathanson, M H Rhytlimic property of human 
heart, 613 

Nausea, epidemic, and vomiting, 425 
Naval Medicine See also Military Medicine , 
Recruits , etc 

sjpliilis among alien seamen, 652 
Negroes, pernicious anemia in, 782 
pievalence of syphilis among, 050 
Neoplasms See Cancer, Tumors 
Nephiitis and anemia, 291 

Neives See also Nervous System, Neuritis, Paral- 
ysis 

Cells See Neurons 
muscle and myoneuial junction, 797 
optic, evpeiimental primary atropliy of, 640 
optic, primary atrophy of, 688 
\cuous Sjstem See Brain, Nerves, etc 
Sjphills See Neurosyphilis 
Neuiitis, optic, syphilitic papilledema, 700 
Neurons, motoneuron, 795 
Neuropsj chiatry, review’ for 1943, 795 
Neuiosjpliilis, intraspinal injection of thiamine 
lijdrochlorlde, 701 

sjphllis of central nervous system, 695 
Neuwlrth E Milestones in diagnosis and treat- 
ment of gout, 377 

Newborn Infants See Infants, newborn 
Nltolas-Fav re’s Disease Sec Ljmphogranuloma 
Venereum 

Nissl Bodies See Rabies 

Nitiogen equilibrium and regeneration of serum 
piotein following intravenous use of ammo 
acids, 91 

tliciapeutic observations in Cushing's syndrome 
effect of various agents on calcium, phospliorus 
and nitrogen everetion in patient with pituitary 
basophilism, 494 

Nose saddle nose deformity, 702 
Nuises and Nursing, role of public health nuisc 
in contiol of venereal diseases, 058 

Occupational Diseases See Industrial Diseases 
Occupations See Industry 

Optic Chiasm, optochlasmatic arachnoiditis, 689 
Optic Disk See Nerves, optic 
Oiova Fever, Carrldn’s disease, immunologic studies, 
147 

immune serum therapy for, 429 
Oslci -Rendu Disease See Telangiectasia 
Osteoarthritis, chronic pulmonary osteoarthropatliy , 
dyspituitarism as probable cause, 565 
Osterberg, A E Modified teclinic for determina- 
tion of serum bilirubin, preliminary repoit of 
its clinical use, 372 
Ouabain See under Heart 

Ovidation Reduction, alterations in biologic ovida- 
tion in tlivrotovicosis , thiamine metabolism 
353 

Palsy See Paralysis 
Papilledema See Neuritis optic 
Paralysis, General See Dementia Paralytica 
Infantile See Poliomyelitis 
tick paralysis, 425 
Paresis See Dementia Paralytica 
Patch Tests See Anaphylaxis and Allergv 
Penicillin 394 
Penis, penile amebiasis, 706 
Pentose See Urine pentose 

Peptic Ulcer in situ effects of ant icids In duodenal 
ulcer, 46 

Peilarterltis nodosa, 532 

Perloff M H Therapeutic observations in Cusli- 
ing’s svndrome, effect of various agents on 
calcium, phosphonis and nitrogen excretion in 
patient with pituitary basophilism, 494 
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Peisonalltj, conflimatlon of freudian theoilos, SOI 
Pertussis See Whooping Cough 
Peterson, 0 L Therapy with sulfonamide com- 
pounds for patients ^^Ith damage to liver, 501 
Pharmacist, role in syphilis control, 055 
Phlorhlzln, clinical significance of glycogen con- 
tent of liver, 740 

I’hosphorus, and Phosphorus Compounds, Itadlo- 
actlvlty Sec Radioactivity 
therapeutic observations in Cushings syndrome, 
effect of various agents on calcium, phosphorus 
and nitrogen e\crctIon In patient with pituitary 
basophilism, 494 

Physical Therapy applied at home for arthritis 
follow-up study, with supplementary summary 
of sedimentation rate of erythrocytes In 299 
cases of arthritis, 231 
Plnta, 041 

Pituitary Body, chronic pulmonary osteoarthrop- 
athy, dyspltultarlsm ns probable cause, 505 
therapeutic observations In Cushing’s syndrome 
effect of various agents on calcium, phosphorus 
and nitrogen c\cietIon In patient with pituitary 
basophilism, 494 
Pleurodynia, 424 

Pneumococci Sec llicningitls , I’ncumonla 
Pneumonia, bacterial pneumonias, 398 
chronic pneumonitis, 422 
lipoid, diagnosis by aspliatlon biopsy, 027 
pncumococcic, 395 

sulfadiazine administered alone and with antl- 
pneumococcus serum In tieatment of pneumo- 
cocclc pneumonia, 329 
Mral," 408 

Pneumonitis See Pneumonia 

Poisons and Poisoning Sec also under names 
of substances 

chemical Intoxications, 291 
Poliomyelitis 410 

relation of mustio and myoneural juntllon to 
798 

Polycythemia, 139 

effect of radloacthe phosphorus In treatment of 
leukemia, lymphoblastoma and polycythemia, 
141 

Popper n Relation between hepatic and plasma 
concentrations of vitamin A In liuman beings, 
439 

Portal 5cln splcnoportal venous obstnictlon with- 
out splenomegaly further contribution to 
pathogenesis of flbrocongestlve splenomegaly 
(Bantl syndrome), 78G 
Position See Posture 

Posture, orthostatic hypotension In tabetic form of 
dementia paralytica, G97 
Prceclampsla See Eclampsia 
Pregnancy, Intensive arsenothcrapy In, 087 
prothrombin level In pregnancy and neonatal 
period, 282 

specificity of serologic reactions for syphilis 
during pregnancy G4C 

vascular disease following toxemia of pregnancy 
(prceclampsla and eclampsia) , observations on 
its clinical course, 301 
Protamine Zinc Insulin See Insulin 
Proteins In Blood See Blood proteins 
Prothrombin See under Blood 
Psychoanalysis, confirmation of freudian theoiles 
801 

Public Health role of public health nurse In 
venereal disease control C58 
Puerto Rico, syphilis In, GG3 
Pulse See Blood pressure. Heart 
Pupils catatonic, 099 
pathways of pupillary contraction, 099 
Purpura association of cirrhosis, thrombopenia and 
hemorrhagic tendency, 09 
essential thrombopenic purpura, 202 
nonthrombopenic, 205 
secondary thrombopenic, 204 

Rabies, 419 

Races See also Negroes , etc 
studies In syphilis, review of Incidence of syphilis 
In autopsies on adults, 78 

Radioactivity, effect of radioactive phosphorus In 
treatment of leukemia, lymphoblastoma and 
polycythemia, 141 

Ransmeler, J C Fricdlander’s bacillus septicemia 
and meningitis report of case and autopsy, 
with analysis of 29 cases collected from litera- 
ture 319 


Ravenna 1’ Splcnoportal venous obstruction with 
out splenomegaly , further contribution to 
pathogcnisls of flbrocongestlve splenomegaly 
(Bantl syndrome), 780 
Kaviinud's Disease, 533 
Rttrults Sec also Military 51edlclne 
prevalence of syphilis In selectees, 050 
ithabllltatlon of selectees, 058 
Reflex, pupillary , Adlo’s syndrome, 098 
Uehfuss, xr E In sllu effects of antacids in 
duodenal ulcer, 40 

Rdmann, H V Infectious dlseises ninth annual 
review of significant publications 388 
Reiner, XI I’cnfosurla associated with diabetes 
mellltus, 31 

Rendti-Oslcr Disease See Telangiectasia 
Rcsplrafory Tract See also Aosc etc 
chemotherapy In infections of, 390 
mild Infections of 413 
respiratory allergy to nrscniials 077 
Reynolds 1 XX styphllls, review of recent Uteri 
turc, 035 

Rheumatic I ever, 402 

tricuspid stenosis, Incldcnoe and diagnosis, 101 
Rickettsia See also Rocky Xlountaln Spotted Fever 
Typhus 

rickettsial diseases 419 

Ringworm trichophytosis or athletes foot 422 
Robinson P Alterations In biologic oxidation In 
thyrotoxicosis , thiamine metabolism 353 
Rocky Xlountaln Spotted Fever, 420 
Roentgen Ravs effect of roentgen therapy on he ait 
clinical study, 715 

Roentgenography Sec Roentgen Rays 
Rosahn, P D Studies In syphilis, review of 
Incidence of svphllls In autopsies on adults 
78 

Rose !• Therapeutic observations In Cushings 
syndrome effect of various agents on calcium 
phosiihoriis and nitrogen excretion In patient 
with pituitary basophilism 491 
Rubella, 119 

Russia, Soviet, syphilis In 003 
Rvnearson, P H Clinical experience with mix 
tures of prolamine zinc and unmodified In 
sullns, pnllmlnarv report, 37 

Sailors, svphllls among alien seamen, 052 
’'allvn Iodine In 072 

''ophlr 0 Xlvocardltls In bronchiectasis, 775 
Sarcoma Set Cancer, Lymphosarcoma, Tumors 
etc 

S( idstosomlasls 123 

Schwartz, S 0 Pernicious anemia In Iscgroes 
732 

Sclerosis See Ai fcriosclerosis 
Scupham G XX’ X'^ascular diseases , ninth annual 
rivlcvv 518 

Semen, Infcctlousness of seminal fluid 038 
Sensitization Sec Anaphvlaxls and Allergy 
Septicemia Irlcdllvndci s bacillus septicemia ind 
meningitis report of case and autopsy, with 
analysis of 29 cases collected from literature 
319 

Sepulveda, B Xfodlflcd technic for determination 
of scrum bilirubin, preliminary report of Its 
clinical USD, 372 
Scrum Sec also Blood 
Immune See Oroya lever 

preparation of synthetic Immune serum ana 
nature of Immunity, 581 

Shackman, N H Sulfadiazine adndnlstered alone 
and with antipneumococcus senim In treatment 
of pncumococcic pneumonia, 329 
Shigella Dyscnfcriao See Dysentery 
"Shipyard Eyo" See Keratoconjunctivitis 
Shock, Therapeutic See Dcmcntl'i Paralyticx 
Mental Diseases, etc 
Skin, Diseases See Dermatitis 
Smallpox, 419 , 

vaccination, false positive reactions for syphilis 
following, 040 

Societies, Mississippi X’'nlIoy Medical Editors Asso 
elation, 300 

Mississippi X’^alley Medical Society 300 
Sodium arsanllate, "sulfonamide effect" of, 070 
Tliiosulfnte See under DormailUs 
Spinal Fluid 3co Cerebrospinal Fluid 
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Spinal runcture, post-lumbar-puncture headache, 
702 

Splrochaeta Pallida, 636 See also Syphilis 
appearance in blood stream, 637 
cultivation of spirochetes, 636 
in electron microscope, 636 
spirochetal antigens, 642 
survival in frozen plasma, 637 
treatment-resistant strains of, 637 
Spirochetosis, icterohaemorrhagic , clinical mani- 
festations of Weil's disease nitli refeicnce to 
meningitis, 18 
leptospirosis, 423 

Splenomegaly See also Anemia, splenic 
splenopoital venous obstruction without spleno- 
megaly , further contribution to pathogenesis 
of flbrocongestive splenomegaly (Bantl syn- 
drome), 786 

Stats, D Cold hemagglutination with symmetric 
gangrene of tips of extremities, report of case, 
506 

Steigmann, P Relation between hepatic and 
plasma concentrations of vitamin 4. in human 
beings, 439 

Stenosis See Tricuspid Valve 
Sternum, Puncture See Bones, maiiow 
Stomach, acidity , in situ effects of antacids in 
duodenal ulcer, 46 
Ulcers See Peptic Ulcer 
Stomatitis, bismuth stomatitis, 677 
Streptococci, 399 

Sturgis C C Blood, review of recent literatuie, 
115 260 

Sulfadiazine See Sulfonamides 
Sulfanilamide See Sulfonamides 
Siilfapjridlne See Sulfonamides 
Sulfathlazole See Sulfonamides 
Sulfonamides, “sulfonamide effect” of sodium 
aisanilate, 670 

Therapy See also Meningitis, Pneumonia, etc 
therapy with sulfonamide compounds for patients 
with damage to liver, 594 
Sunderman, F W Therapeutic observations In 
Cushing s syndrome , effect of various agents 
on calcium, phosphorus and nitrogen excretion 
in patient with pituitary basophilism, 494 
Surgery, vascular, critical review of literature 
551 

Syphilis See also under names of organs and 
I eglons, as Ej es , Larynx , Livei , etc , and 
undei names of diseases, as Caidiovasculai 
Diseases , etc 

absence of leagln from urine, 644 
among alien seamen, 652 
and cancer, 705 
and industry, 664 

and lymphogranuloma venereum, 700 
and other diseases, 705 
and penile amebiasis, 706 
and war, 656 

antibody formation and anamnestic reaction 044 
arsenofherapy combined with fever, 681 
blsmarsen in treatment, 608 
colloidal gold reaction, 645 
congenital, cardiovascular involvement in, 703 
congenital, dental changes In, 702 
congenital. Intensive arsenotherapy in, 687 
congenital, resemblance to erythroblastosis, 703 
congenital, treatment with acetarsone, 703 
congenital , treatment with mapharsen, 704 
control, role of pharmacist in, 655 
criteria of "cure" of rabbit syphilis 639 
dichlorophemrsine hj drochloride in treatment 
665 

diugs in treatment of, 665 
early, 678 

effectiveness of arsenicals against bacteria, 670 
epidemiology, 652 
experimental, 638 

experimental evaluation of intensive methods of 
therapy, 684 

false negatlye serologic reactions, 648 
false positive reactions following routine Im- 
munizations, 646 

false positive reactions in infants and children 
647 

false positive reactions to serologic tests, 645 
frequency of sjphilitic lesions at autopsy, 649 
Hereditary See Svphilis, congenital 
history of, 635 
in foreign countries 662 
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Infectlousnesb of seminal fluid, 638 
intensive arsenotherapy, 680 
intensive arsenotherapy in pregnancj, 687 
intensive arsenotherapj via bone marrow, 686 
late, 687 

latent, bismuth compound for, 672 
mapharsen In treatment, 668 
raortalltj data, 673 
natural tissue antibody, 643 
new arsonlc acids in tre itment, 668 
prevalence, 648 

prevalence among Isegroes, 650 
prevalence in selectees 650 
rehabilitation of selectees, 658 
leinfection, newer concepts of 670 
review of lecent literature, 635 
role of public health nurse, 658 
saddle nose deformity', 702 
serodlagnosls of, 642 

serologic reaction approaching ‘universal sensi- 
tivity,” 647 
serologic surveys, 654 
similarity of bismuth preparations, 671 
specificity of serologic reactions during preg- 
nancy, 646 

state consultation service, 655 
studies in , review of incidence of syphilis in 
autopsies on adults, 78 
syphilitic women as passive carriers 638 
syphiloid diseases 641 
third gener.ation syphilis, 705 

time factor in evaluation of "cure" of rabbit 
syphilis, 639 

treatment untoward effects of, 673 
trisodarsen in treatment, 668 
"veilficatlon” tests, 647 
vitamin therapy, 673 

Wcltman’s serum coagulation reaction in, 644 
/one reactions, 643 

Tabes Dorsalis See also Neurosyphilis 
tabetic arthropathy 697 

thiamine hydrochloride for lightning pains, 673 
Teeth, dental changes in congenital syphilis, 702 
Telangiectasia, 269 

Testes, preparations, changes In optic function and 
ophthalmoscopic picture observed in 4 patients 
of eunuchoid skeletal type who were being 
treated with orchlc extract, 461 
Tetanus, 405 

Ihiamine, alterations in biologic oxidation in 
thyrotoxicosis, thiamine metabolism, 353 
hydrochloride for lightning pains, 673 
hydiochlorlde, Intrasplnal injection in neuro- 
syphilis, 701 

influence on Induced hyperthyroidism, 185 
Tliomas, J E In situ effects of antacids In 
duodenal ulcer, 40 

Thromboangiitis See also Thiombophlebltis 
obliterans, 531 

Thrombocytes See Blood, platelets 
Thrombopenla See Purpura 

Thiombophlebifis, 532 Sec also Thromboangiitis 
obliterans , Thrombosis 
Thrombosis See also Thrombophlebitis 
arterial occlusions, 552 

splenoportal venous obstruction without spleno- 
megaly, further contribution to pathogenesis 
of flbrocongestive splenomegaly (Bantl syn- 
drome), 786 
venous occlusions, 552 

Thyroid alterations in biologic oxidation In thyro- 
toxicosis thiamine metabolism 353 
influence of thiamine on induced hyperthyroidism 
185 

'Ihyrotoxlcosis See 'Tliyrold 
Tick paralysis, 425 

Tissue, alterations in biologic oxidation in thyro- 
toxicosis , thiamine metabolism, 353 
natural tissue antibody, 643 
Traut, E F Cardiovascular manifestations in 
pernicious anemia, 757 
Trench Fever, 421 

Treusch, J V Physical therapy applied at home 
for arthritis, follow-up study, with supple- 
mentary summary of sedimentation rate of 
erythrocytes in 229 cases of arthritis, 231 
Recurrent lymphocytic choriomeningitis , report 
of case In which treatment was with pooled 
normal adult serum 709 
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Iricliinobis, 123 

liichoplijtosls See Rlngnorm 
Irlcusplcl Vaht, stenosis, Incidence and diagnosis 
104 

Trlsodaisen in treatment of sjpliills, CCS 
Tijparsaniide See under Siplillis 
lubeiculosls 407 See also under names of organs 
and legions 

limitations of cr>tluoc\tc sedimentation test in 
24'> 

Tularemia, 40C 

Tumors See also Cancer, LMiipIioblastoma 
Ljmplioma, JIaeloma, etc , and under names 
of oigans and regions 
glomus 532 

Tulns, lijpcrtenslon in onlj one of identiLal twins 
repoit of case wltli consldtratlon of psjclio 
somatic factois, 707 
Tj piloid, 401 
Tjplius, 419 
Biarlllan 420 

Ulcers Peptic See Peptic Ulcer 
Undulant Pcier, acute biucellosls cIlniLnl tiictcrl- 
ologlc and serologic studies of 3 ji itlenls 
340 

brucellosis, 405 

Ungerlelder, II 1 3,Iecfio( irdlograplilc ciitcila 
of left icntridilar inpeitroplo , fadors deter 
mining tioliitlon of olcctiocardlograplilc pat 
teins in lijpertroplij and bundle brmcli blotl. 
100 

Urlnarj Tr.ict lelatlon of urologlc^igrretts to li\pcr- 
tenslon 348 

Urination, bismuth anuria 077 
Urine Sle also Urination 

absence of siphilltlc rengln from 011 
cliolesterol content in patients witli cniuir lOs 
pentose, pentosuria associated ultli diabetes 
mcliltus 31 

therapeutic obscnatlons in Cusliings sindromc 
effect of larlous agents on (alclum, pliosplioriis 
and nitrogen excretion In patients wltli pltu 
Itara basophilism 401 

Vaccine Sec Influcnra etc 
Vaccinia Sec Smallpox 

Van Dellen '1 It 1 asculat diseases, nlntli 

annual realew, 51S 
Varicella See CliIcKenpox 
Variola See Smallpox 

tasomotor «!astom See also Aiterlcs Ulood 
vessels Capillaries , Veins etc 
aasomotor apparatus 557 

war injuries to vascular tice iiid aasomotoi 
system 553 

Veins Sec also Blood xcsscls Carello\nsrul,\r 
Sjstem Extremities blood suppla Itirombo 
phlebitis. Thrombosis Xasomotor Sestem et< 
cciebial saplillls of 000 


A'cneitil Diseases Sec ilso >curosapl)llis , Sjpli 
ills etc 

chemlcil t dijlaxls GOO 
eontat' Ing and examination, 001 

eontr< ustrj, 004 

educ IKs to sere ice personnel 000 

wart) rol , civilian aspects 050 

wartlii ijtrol, mllltan aspects, 058 

tenons Pleasure See Blood pressure 
ttrnica I’ermlana See Oroaa lc\ei 
A Iniscs bee also Infliienva Pneumonia , etc 
airal diseases, 408 

A Islon, elmnges in optic function and ophthal- 
moscopic picture oliscraed in 4 patients of 
eunuchoid sheletal tjpe wlio were being treated 
witli orclilc extract 401 
A Itamlns bee also 'lliiamlne 

A relation l)elueen liepatlc and plasma con- 
(cntratlons of altamln \ in liuman beings 
130 

Iti See Hilnmlne 
K See also Blood coagulation 
K and piotlirombln 278 

K siibslanecs i)osscsslng altnmin K aelleltj, 
, 287 

lluiapj of sxplillls 073 
Aomiting, epldcmle nausea and \omitlng, 425 

V/ar Sic also Alllltarj Afcdlelne \n\ il Aledl- 
clnc , ell 
and sapiiills 050 

injuitcs to aascular tree and aasomotor «astem 
"WK 

wartime iincre.il disease control (liillan aspects 
050 

waitlme iincnal disease control, mllitan aspects 
C5S 

AAills Disease See biiirociielosls, Icterolmemor 
rlinglc 

AAiIss S Aascular disease following toxemia of 
pregnann (prceclampsla and eclampsia), ob 
senatlons on its ellnlcal course, 301 
AAlioopIng Cougli, pertussis, 400 
AA llllams It 1) Influence of tlilamlne on Induced 
lijpertlijroldlsm 135 

AA llllams It II Altcrallons in biologic oxidation 
in flnrotoxlcosls , tlilamlne metabolism, 353 
AA Ise B Acute brucellosis , clinical bacterlologlc 
and serologic studies of 3 patients 310 

Yanof / A PITcct of exercise on blood paruile 
aeld obscnatlons on trained and untrained 
normal subjects and on patients wllli heart 
ellscase and wllli hj pcrtcnslon, 239 
At How Fcicr, 118 

Zovin b Itclatlon between hepatic and plasma 
concenliallons of altamln A in human beings 
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